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WATER RESOURCES OF

THE ST. LOUIS AREA, MISSOURI

ABSTRACT

Water supplies in the St. Louis area, Missouri,
are available from streams and from bedrock and
alluvial aquifers that underlie the region. Of the 1200
million gallons of water used daily, about 82 percent
is pumped from the Mississippi River and about 15
percent from the Missouri and Meramec Rivers.
Approximately two-thirds of this pumpage is used for
cooling in the generation of electric power. The
bedrock and alluvial aquifers account for 1 and 2
percent of the total pumpage, respectively.

The bedrock aquifers are primarily dolomite
and limestone with one notable exception, the St.
Peter Sandstone. Wells finished in these aquifers
furnish water to 22 towns, 7 rural water-supply
districts and most households not served by a centrol
water supply. The principal bedrock aquifers are the
St. Peter, the Roubidoux, the Gasconade, and the
Potosi.

Wellsyielding more than 50 gpm (gallons per
minute) of potable water can be developed in bedrock
aquifers in the western one-third of St. Charles
County, the extreme westernpart of St. Louis County,
and the southwestern three-fourths of Jefferson
County. In these areas, wells finished in the Potosi
Dolomite have yielded a maximum of 500 gpm, while
others finished in the Gasconade and Roubidoux
Formations have yielded a maximum of 300 gpm.
Yields of 140 gpm have been reported from wells
tapping the St. PeterSandstone.

Only a small percentage of the water available
in the alluvial aquifers of the area is being used.
Areas having the greatest potential for development
of ground water are in the Mississippiand Missouri
River floodplains. Wellsreportedly yielding as much

as 3,000 gpm have been drilled in the Mississippi
River floodplain in St. CharlesCounty. A yield of over
2,500 gpm has been measured from a well in the
Missouri River floodplain. In the Meramec River
floodplain, municipal and industrial wells at Valley
Park are capable of yielding as much as 500 gpm,
while a few miles downstream the city of Kirkwood
has a collector well capable of pumping 2.6 mgd
(million gallons per day). Water from the alluvial
deposits generally is a very hard calcium-magnesium-
bicarbonate type with iron and manganese content
commonly being high. Saline water has moved
upward from the underlying bedrock into the alluvial
aquifers at Valley Park and Times Beach in the
Meramec River valley and in the Mississippi River
valley near St. Peters. This upward leakage may be a
naturally occu"ing phenomenon, but part of It
probably Is through boreholes of abandoned deep
.veilsor test holes.

Themedian 7-daylow flows of small unregulated
tributary streams genl}rallyrange from 0 to G.OOScfs
(cubic feetpersecondj per square mile in the northern
two-thirds of the area and from 0.02 to 0.05 cfs per
square mile elsewhere. These values can be ashigh as
0.3 cfs per square mile In urban areas because of
augmentation from sewage treatment plants. Because
the natural low flow of many of these tributary
streams Is less than 0.5 cfs, an influx of poor-quality
effluent, even though In small amounts, will be
enough to seriously degrade the water quality In
the stream.

Except for largerstreams such as the Meramec,
Big, and Cuivre Rivers, storage facilities would be
required to develop dependable surface-watersupplies

1



WATER RESOURCES OF THE ST. LOUIS AREA, MISSOURI

In the tributary basins. The principal factors limiting
future development will be 0 lack.of naturalsustained
low flows and the quality of the water, which Is often
very poor In urbanized areas and requires extensive
treatment prior to use.

Flooding con occur In the area during all
months, but Is most common in the March-through-
July period. Many of the larger floods on record
were caused by Intense, local summer thunderstorms.
Analysis of data from an urbanized basin In the area

Indicates that peak flows ore Increased at least
one-<1nd-<1-halfto two times by significant urbanization.

Quality of surface water varies from good In the
tributary streams of southern Jefferson County to
very poor In the highly urbanized areas. The major
sources of surface-water supplies are the Missouri,

Mississippi and Meramec Rivers. Except for water used
for once-through cooling, extensive treatment of
water from these streams Is required prior to use for
domestic and most manufacturing purposes.

INTRODUCTION

PURPOSE AND SCOPE

A consistent pattern of rapid growth during the
past two decadeshas increasinglyconcentrcned people
and activities around metropolitan areas such as St.
Louis. This concentration has caused a multitude of
problems with some of the most pressingbeing in the
field of water resources, where coordinated planning
is essential to optimum mangement.

The purpose of this report is to summarizeand
interpret hydrologic data presently' available for St.

COOPERATION AND ACKNOWLEDGMENTS

This report is the result of a cooperative study
conducted by the Missouri Geological Survey and
Water Resources (Dr.WilliamC. Hayes,State Geologist
and Director, succeeded by Dr. WallaceB. Howe)and
the U.S. GeologicalSurvey (Anthony Homyk, District
Chief, MissouriDistrict).

Appreciatian is expressed to the MissouriClean
Water COrIlmission (formerly the Missouri Water
Pollution Board), the City of St. Louis (Water
Division), and the St. Louis County Water Company
for their assistance in the collection of water-quality
information.

Thanks are also due the State Highway Depart-
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Louis, St. Charles and Jefferson Counties; to evaluate
the water resources of the area; and to relate water
needs to availablesupplies.

A generalized description of the hydrologic
effects of urbanization in the area is also presented.
Data now being collected on small urban and rural
streams in St. Louis County will eventually provide
more precise design data for use by urban planners
and water managers.

ment, drilling contractors, and many homeowners
who furnished information and helped in collecting
supporting data.

The authors drew heavily on hydrogeologic
data collected over a period of many years by the
Missouri Geological Survey and Water Resources. Of
particular value were the extensive well-log files
accumulated by the Missouri Geological Survey
through the cooperation of many well-drilling con-
tractors throughout the state and data obtained
through a continuing cooperative stream-gagingpro-
gram between the MissouriGeologicalSurvey and the
U.S. GeologicalSurvey.
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GEOGRAPHY

The study area (fig. 1) is in a part of eastern
Missouriwhich includes the confluence of two of the
nation's .largest rivers - the Missouri and the
Mississippi.A diversity of land forms and drainage
features are included in the area encompassed by
St. Louis, St. Charles and Jefferson Counties.

Thearea lieswithin two physiographicprovinces.
The northeastern two-thirds of St. Charles and St.
Louis Counties and the extreme northeastern part of
Jefferson County, adjacent to the MeramecRiver,lie
within the Dissected Till Plains.The remainder of the
area lies within the Salem Plateau of the Ozarks
(Fenneman, 1946).

The Dissected Till Plains is gently undulating,
with altitudes ranging from 500 to 700 feet. The
morainal topography seen over much of the adjacent
glaciated areas is noticeably lacking here. This par-
ticular area wasglaciated twice during the Pleistocef1e,
but the till deposits are thin and dissected.

The topography developed in the Ozarks pro-
vince of the study area is submature to mature. The

WELL LOCATION SYSTEM

Wells used in this report are located in accor-
dance with the Bureau of Land ManagementSurvey
system, in this order: township, range, section,
quarter section, quarter-quarter section and quarter-
quarter-quarter section (la-acre tract). The sub-

uplands may be broad flats, but are generally
thoroughly dissected while most of the divides are
narrow and irregular. Topographic slopes are locally
reflections of the regional dip of from 60 to 80 feet
per mile to the northeast. Variations in hardness of
the Paleozoic rocks are shown by escarpments on the
more resistant formations. These escarpments face
southwestward, more or less parallel to the Ozark
uplift (Marbut, 1896). Altitudes in the Ozarks range
from 650 to 1,000 feet, except in the stream valleys
where altitudes are from 400 to 650 feet.

All runoff from the land surface in the area
eventually reaches the Mississippior Missouri Rivers
through a network of tributary streams that form a
dendritic drainage pattern (fig. 2). The floodplains of
each of these two great riversare as much as 11 miles
wide in some placesand are bordered by loess-covered
uplands.

Practically all of the area is shown on modern
7Y:z-minutetopographic maps (fig. 3). The balance
has 15-minute topographic map coverage.

divisions of a section are designated a, b, c, and d in
counterclockwise direction beginning in the northeast
quarter. If several wells are in a la-acre tract, they
are numbered serially after the above letters, and in
the order in which they were inventoried (fig. 4).

GEOLOGY

It is beyond the scope of this report. to describe
in detail the stratigraphic and structural setting of the
study area. It will be necessary, however, to acquaint
the reader with the rock units and their structural
attitudes so that references to these rocks as aquifers

4

can be understood. Numerous published and unpub-
lished stratigraphic studies .have been made in this
area and the reader is referred to these (Stout, 1969,
p. 50-57) for more detailed geologic information.
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Figure 3

Topographic map coverage of the St. Louis area. (Underlining of quadrangle name indicates interim revision 1968).
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Table 1

Generalized stratigraphic column for St. Louis,

St: Charles, and Jefferson Counties, Missouri

!I Basal part may be of Pleistoc~ne age.

NOTE: Stratigraphic nomenclature may not necessarily be that of the U.S. Geological Survey.

8

.... ........-.... ...... ..................._ ..._ .............. ................... "".... _56..._......
Thick-

Aquife nees Dominant
System Series Croun Formation Rroup (feet) 1itho logy Iwater-bearina: character

Ho locene A1J.u'(i"",lI 0-150 Sand. gravel, silt, Some wells yield more
.b and clay. than 2 000 nm.

Quaternary Pleistocene Loess 0-110 Silt
Glacial till 0-55 Pebbly clay and slIt. Essentially not water

yielding

Missourian Pleasanton Utldifferentiated 0-75 Shales, siltstones, Generally yields very
MarmatoD nau:J:erent1atea 0-90 "dirty" sandstones, smallquantitiesof

PenDsy 1vaDian Desmoinesian Cherokee Undifferentiated 0-200 coal beds and thin water to wells.
Atokan Undifferentiated limestone beds. Yields range from

0-10 gpm.

Ste. Genevieve 0-160
Forma. t Ion Argillaceous to

Meramecian St. Louis Limestone U-10U arenaceous limestone.
Salem Formation 0- 80
Warsaw Forma t ion 0-110
Bur lington-Keokuk 0- 240 Oterty limestone

Limestone 1

Mississippian Osagean Fern Glen 0-105 Red limestone and sha Ie. ields small to moderate
Forma tion quantities of water to

Kinderhookian Otouteau Undifferentiated 0-122 Limestone, dolomitic wells. Yields range
limestone, shale, from 5 to 50 gpm.
and siltstone. Higher yie Ids are

Upper Sulphur Springs Bushbera: Sands tone 0-60 Limestone and sandstone reportedfor this
Devonian Glen Park Limes tone interval locally.

Grassy loTeeK "nale u-,u Fissile,carDonaceous
sha Ie.

Silurian Undifferentiated 0- 200 Cherty limestone.

Maquoketa Shale 0-163 Silty, calcareous or Probably constitutes a
dolomitic shale. coDfining influence On

water movement.
Cape Limestone 0-5 Argillaceous limestone.
Kimmswlck 0-1'" Massive limestone
Formation

Decorah Formation 0-50 Sha Ie with interbedded ieldssmall to moderate
limestone. quantities of water to

Plattin Formation 2 0- 240 Finely crystalline wells. Yields range
ChamplainiaQ. limestone. from 3 to 50 gpm.

Rock LeveeFormatiol] 0-93 Dolomite and limestone, corah Formation
some shale. probably acts as a

Joachim Dolomite 0-135 Primarily argillaceous confining bed locally.
do lomite.

Ordovician _S,r;cPer,5an4sc:o._e 0-160
Silty sandstone, cherty lelds moderate quantl-

I

3 limestone grading ties of water to wells.
Everton Formation 0-130 upward into Yields range from

quartzose sandstone. 10-140 gpm.

Powell Dolomite 0-150 ields small to
Cotter Dolomite 0-320 Sandy and cherty large quantities of

Canadian Jefferson City 0-225 dolomites and water to wells.
Dolomite 4 sandstone. Yields range from 10

Roubido.uxForma't'ioQ; 0-177 to 300 gpm. Upper
GasconadeI)olomite u-20u part of aquifer group

Gwiter sandstone yields only small
Member amounts of water to

welts.

Eminence Dolomite 0-172 Yields moderate to
- Potosi Dolomite 0-325 Cherty dolomites, silt- large quantitiesof

Cambrian Upper EI vins Derby-Doerun 5 0-165 stones, sandstone, water to wells.
Do lomite and sha Ie. Yields range from

Davis Formation 0-150 10 to 400 gpm.
Bonneterre Formatio 245- 385
Lamotte Sandstone 235+

Precambrian Igneous ano metamorphic Does not yield water
rocks. to wells in this area.
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STRATIGRAPHY

The stratigraphic sequence consists primarilyof
limestone and dolomite which were deposited, for the
most part, in shallowepicontinental seas. Rocks range
in age from Precambrian to Holocene. A composite
stratigraphic section showing these rocks and their
water-bearing properties is given in table 1. The
Precambrian rocks, the Lamotte Sandstone, and the
lower part of the Bonneterre Formation are the
only units that do not crop out in the area; they are,
however, present in the subsurface. Many periods of
emergence, nondeposition or erosion are implied by
the disconformities and localunconformities observed
in surface exposures and well data. These breaks in
the stratigraphic record are shown in table 1 by wavy
lines.

Many of the stratigraphic units are not present
locally; consequently, no wells penetrated all the
formations shown in table 1. Formations penetrated
while drilling a well depend on the geographic
location. For example, wells drilled in southern
Jefferson County start lower in the stratigraphic
section and hence do not penetrate many of the
formations shown in table 1.

STRUCTURE

The present structural attitude of the rock
units is the result of compressional, tensional and
uplifting forces which moved and altered the units
from their original depositional positions. These
forces have folded, fractured, faulted, and tilted
the rocks in the study area, and the resulting
structures are superimposed on a regional dip or

The only deposits of Cenozoic age having
significant water-yielding properties are the water-
saturated sands and gravels in the alluvium. It is
possible that the basal portion of part of the fill in the
large valleys is actually of Pleistoceneage (Bergstrom
and Walker, 1956, p. 31). However,since no attempt
has been made to differentiate the valley fill as to
age in this report, it is referred to as alluvium.

Alluvium underlyingthe floodplainsand terraces
of the Mississippi, Missouri and Meramec Rivers
extends over 277 square miles in the three-county
area. The thickness of the alluvium is variablebecause
of irregularities in the bedrock surface upon which it
was deposited. The maximum known thickness of
alluvium (150 feet) was penetrated by a test hole
drilled in the Columbia Bottoms near the mouth of
the MissouriRiver.The areal extent and the thickness
of the alluvium at selected points is shown"ihfigure 5.
The alluvium is composed of clay,silt,.sandand gravel.
In general, the alluvium becomes coarser-grainedwith
depth. It is this deeply buried, coarser-grainedmaterial
which, when well-sorted and water-saturated, com-
prises the most water-productive part of the alluvial
aquifer.

large-scaletilting of the rock units of from 60 to 80
feet per mile to the northeast. Figure 6 shows some
of the major structures in the St. Louisarea.

The reader is referred to McCracken(1966) and
Trapp (1961, unpublished data) for a more complete
description of the structures in the St. Louis area.

SOURCES OF WATER

St. Louis, near the confluence of the Missouri
and MississippiRivers, iswell situated with respect to
surface-water supplies. In addition, the area has the

10

benefit of the Meramec River, which carries a large
flow of good-quality water to the Mississippi just
south of St. Louis. These rivers furnish nearly all of



Sources Of Water

39°00' N LAT

036
I I I I I I I

MILES

\D
o°
o
o
~
.....o
z
C>

EXPLANATION

ANTICLINE--t-
SYNCLINE -i
FAULT __J}___o

U- Upthrown Side

D- DownthrownSide

STRUCTURE Z~O~CONTOUR -
Shows altitude of base
of Roubidoux Formation
Contour interval-250'

Datum is mean sea level

Figure6
Major structural features of the St. Louis area
and structural contours on the base of the Roubidoux

Formation (based on McCracken and McCracken,
1965).

11



WATER RESOURCES OF THEST. LOUIS AREA, MISSOURI

the water used in the three counties while their
tributary streams are used for recreation or waste
transportation. In addition to surface-watersources,a
large amount of water is available to the area from

GROUND WATER

Largeamounts of fresh water are stored in the
bedrock and alluvium underlying the area. Water
occurs in the bedrock along fractures and bedding
planes as well as in solution openings in the limestone
and dolomite, and in voids between the grains in
sandstone. Shale is generally impervious to the
movement of water and is usually not a source of
supply. The availability of water from bedrock
depends upon the amount of fracturing and solutiQn
which the rocks have undergone and the degree to
which these openings are interconnected. Water in

Most wells drilled into bedrock in the study
area are left open below a certain casing depth. This
casing depth is determined by the presence and
degree of weathering, and by connections with
surface-water sources. Individually, many of the
rock units shown on table 1 yield only small
amounts of water. Collectively, howev.er,these units
may yield sufficient water to supply the needs
of most water users.For this reason, it wasconsidered
practical to treat large sequences of both water-
bearing and non-water-bearing rocks as one large
aquifer or aquifer group. The bedrock units are thus
assigned to five groups based on similar lithologic
characteristics, geographic distribution, and overall
similarity of water quality. Also of prime importance
are the presence of confining beds at aquifer group
boundaries and the presence of thick sequences of
rock which, although not to be considered confining,
yield very little water to wells (see table 1).

Group 1 (Post-Maquoketa) includesall bedrock
units above the Maquoketa Shale, which probably
acts asa confiningbed in the study area. Pennsylvanian
rocks at the upper boundary of Group 1 are
relatively impermeable and yield very little water to
wells. Group 2 (Kimmswick-Joachim) includes all
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the underlying rocks. Though some ground water is
too mineralized to use, much is fresh and of good
quality. Little of the ground water in storage is used.

the alluvium occurs in the openings between the
individual sand and gravel particles of which the
aquifer is composed. The availability of water from
the alluvium depends upon the degree of sorting of
the material, its saturated thickness, its hydraulic
connection with a surface-water source, and infiltra-
tion of rainfall.

Locations of wells and test holes used for
compiling hydrogeologic data for this report are
shown on plate 1.

AQUIFERS

aquifers between the base of the Maquoketa For-
mation and the base of the Joachim Formation.
The Joachim is not considered to be a good aquifer
in other parts of the state and, although it is not a
confining bed, it probably does not yield water in
quantities large enough for it to be considered an
aquifer.

Group 3 (St. Peter-Everton) includes the St.
Peter Sandstone and the Everton Formation. Group
4 (p'owell-Gasconade)includesall units inthe Canadian
Series of Early Ordovician age. The lower part of the
Everton Formation and the upper.three units of the

Canadian (\owell, Cotter, and Jefferson City Dolo-
mites) are not prolific water-bearing units. Small
supplies can be developed in these units, but they
are subject to failure during extended periods of
drought or sustained pumping.

Group 5 (Eminence-Lamotte) includes all units
below the base of the Gasconade Dolomite. The

Eminence Dolomite is similar to the uppe~ three
units of the Canadian Series in its water-bearing
characteristics and hence constitutes a good boundary
marker between more prolific aquifers. Figure 7 is a
geologic map showing the distribution of the aquifer
groups discussed above.
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Major alluvial aquifers in the area are the
water-saturated sands and gravelsin the basal part of
the alluvium underlying the floodplains of the Missis-
sippi, Missouri and Meramec Rivers. Water-bearing
sands and gravels also underlie the floodplains of the
Big River and other perennial streams of the area.
Records of well yields from these relatively thin
alluvial deposits are not available, but it is believed
that yields would generally be small to conventional
vertical wells because of less saturated thickness.

The alluvial deposits are composed of varying
proportions of clay, silt, sand, and gravel. The value
of the alluvium as a source of water depends on its
thickness and the size and sorting of the materials.
The greater the proportion of clay, silt and fine sand,
the poorer the aquifer would be. Conversely, well-
sorted, clean sands and gravels would yield large
quantities of water.

GROUNDWATERRECHARGE

The bedrock aquifers receive recharge from
precipitation falling directly on the area. The amount
of recharge from precipitation depends upon the
general configuration and physical character of the
land surface, the amount and type of vegetation, the
distribution and quantity of precipitation, and the
composition and moisture content of the soil and
underlying rock. Movement of water from the soil
and subsoil into the bedrock takes place along
fractures and solution openings in the rock.

In areas where bedrock is exposed at the
surface, conditions are not as favorable for recharge
as in areas where the bedrock is not exposed.
Recharge to the groundwater reservoir in the bedrock
outcrop area is minimal and almost all of the
precipitation leaves the area directly as runoff.
Shallow bedrock aquifers that are hydraulically con-
nected with the rivers also receive recharge from
natural infiltration of the rivers during sustained
high-riverstage and flooding.

Alluvial aquifers in the area are recharged by
infiltration of stream water during sustained high-
river stage and flooding, by direct precipitation,
and by underflow from underlying and adjacent
bedrock.

Recharge from precipitation to the hydro-
geologically-similar East St. Louis alluvial area, ad-
jacent to the study area, has been estimated to be 65

Sources Of Water

Because of the scour-and-fill method of depo-
sition, alluvial deposits may vary considerably in
sorting and texture within a small area. This is
readily apparent in a comparison of geologicsections
(fig. 8) of the Mississippiand Missouri Rivers with
sections of the Meramec River. This variability
points up the need for adequate test drilling prior
to any large-scaledevelopment of ground water from
the alluvium.

Geologic logs of some of the more favorable
sites for potential groundwater development in the
alluvial areas are included in Appendix 1, and their
locations are shown on plate 1. Geologiclogsof many
of the wells shown on plate 1 are available in the
files of the Missouri Geological Survey and Water
Resources.

mgd (million gallons per day) for 175 square miles
(Schicht, 1965, p. 46). Schicht also estimated the
average rate of subsurface flow of water from the
valley wall to be 329,000 gpd/mi (gallonsper day per
mile). If the Mississippi,Missouriand Meramec River
alluvium in the study area were to receive recharge
from precipitation at a rate comparable to that
estimated for the East St. Louis area, it would
amount to approximately 100 mgd. However,because
pumpage from the alluv.iumis not suffici.entto lower
water levels and make more storage area available,
not all of the potential recharge enters the aquifer.

The sum of these sources, recharge from pre-
cipitation and underflow from the underlying and
adjacent bedrock, theoretically is the amount of
water that can be pwnped from the alluvial aquifers
without causing an overdraft or recharge from the
rivers. This information is presented only to show
the magnitude of the potential yield from alluvial
aquifers by natural rechargealone.

An alluvial aquifer may also receive recharge
from the river when large-capacity wells lower the
water level in the aquifer so that the natural ground-
water flow toward the stream is reversed. This causes
water to move from the stream through the aquifer
to the wells. Such induced recharge occurs in the
Meramec River alluvium at Times Beach and in the
Valley Park-Kirkwood area. Induced recharge un-
doubtedly occurred in the Missouri River alluvium
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Potentiometric surface of the alluvialaquifer, Alton Lake Bottoms, St. CharlesCounty, Mo., September 1970.

16

;; ,c c,. ..
.. '0 "..
]

0. E-
;; .. " ..,." ,. .. .. ".. .. c ... .... c - " .." " " .. .-<J : .. - ;;..

N '0 of.,; c
u " 0. N ... .!:.. .:.. cE " ,;
i: .!! :! 'i u" "
u E u .-.. :;
;; '0 c c i:- "
E 0 .. ;; u

'i:!!
;; >

;; ..c :
.!!.. .. u E "'0 - " ... "0. on :z: 0 = :



when the well field of the Weldon Springs Ordnance
Plant was in operation (Emmett and Jeffery, 1968).
Areas of induced recharge occur in the Mississippi
River alluvium in Illinois (Schicht, 1965, p. 47) and
in at least one location (Crystal City) in Missouri.
Undoubtedly there are many other areas in the
Mississippi River alluvium in Missouriwhere induced
recharge could take place. If extensive development
of the alluvial aquifers were to take place in the

GROUNDWATERMOVEMENT

The direction of groundwater movement can be
determined for any specific time from the configura-
tion of the groundwater surface on a potentiometric
map. Such a map is shown in figure9. Ground water
moves in a direction that is down gradient and at
rightangles to contours on the potentiometric surface.

Wells drilled into the bedrock aquifers in the
study area encounter confined, or artesian, ground
water. The hydrostatic pressure, or "head", in these
aquifers raises the water level in the well above the
point where it was first encountered in drilling.
Any movement of ground water is from areas of
higher hydrostatic pressure to areas of lower hydro-
static pressure.

Potentiometric maps of bedrock aquifers could
only be constructed in geographically restricted
areas because of the manner in which bedrock wells
in the study area are constructed. In most instances
wells penetrate more than one aquifer group and each
aquifer group has a separate and distinct potentio-

GROUNDWATERDISCHARGE

Water recharged to the groundwater body
moves down gradient in the direction of the slope of
the potentiometric surface until it moves out of the
study area or is discharged by natural or artificial
means. Discharge is accomplished by evaporation,
plant transpiration, discharge by springs, seepage
into streams, or by pumpage from wells. Over long
periods of time, discharge is balanced by recharge,
and water levelsare not drastically affected.

Sources Of Water

study area, sustained pumping would depend upon
induced recharge from the rivers.

Data were not available to determine induced
infiltration rates of streams in the study area.
However, Schicht (1965, p. 1I. from analysis of
aquifer tests in the East St. Louis, III. area, found
that the infiltration rate of the MississippiRiver bed
ranged from 37,500 to 344,000 gpd/acre/ft (gallons
per day per acre per foot).

metric surface. It is probable, however, that some
hydraulic connection exists between aquifer groups in
the study area. Movement of ground water between
aquifers due to head differences in the units occurs
in areas where sufficient permeability exists at
contacts between units.

Movement of ground water in the alluvial
aquifers is generally toward the major streams with
which they are hydraulically connected (fig. 91.
except where the movement is reversedduring floods
or sustained high-river stages, or by high-capacity
wells pumping close enough to the river to induce
recharge. An example of wells causing induced
recharge is found in the Valley Park-Kirkwood area
(fig. 10).

The groundwater surface in the alluvial aquifer
fluctuates in response to changes in the river stage
and to variations in precipitation and pumpage from
wells. Figure 8 shows maximum and minimum water
levels measured in selected parts of the alluvial
aquifers during this investigation.

An undetermined amount of discharge from
deeper aquifers into shallower aquifers is taking
place in the study area. In areas such as ValleyPark,
where deep wells have been improperly cased or
where casings have deteriorated, mineralized water
from deeper aquifers has moved up into shallower
horizons and, where head differences permit, some
water is undoubtedly moving from shallow aquifers
into deeper ones through wells.

17
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WELL YIELDS AND AQUIFER CHARACTERISTICS

All bedrock units are locally capable of yielding
water in varying amounts to wetls. Yields of wells
are dependent. of course. on such factors as depth.
length and diameter of the open hole; formations
penetrated; geographic location (p. 10); structural
attitude of the rock; and permeability of the aquifers
tapped. Becauseof the stratigraphic complexity of
this area and probable interformational movement of
the water. it is difficult to define parameters which
describe yield capabilities of individual aquifers. It
is possible.however,to usedata from wells penetrating
various aquifer combinations to arrive at conclusions
about the more important water-bearing units in the
study area.

A reliable measure of the productivity of a
well is its specific capacity. This is the dischargeof
the well expressed as a rate of yield per unit of
drawdown. generally in gallons per minute per foot
of drawdown.

Specific capacities and yields of wells penetrat-
ing aquifers or groups of aquifers are shown in table
2. Higher specific capacities for wells in bedrock
are apparent in the western part of the study area
and in the south-central part of Jefferson County
because higher-yielding units are penetrated by the
wells. On the average. wells penetrating Groups 3
and 4 aquifers (St. Peter Sandstone through the
Gunter Member of the lower part of the Gasconade
Dolomite) had yields significantly higher (1oo+gpm)
than wells finished in aquifer Group~ 1 (Post-
Maquoketa) or 2 (Kimmswick-Joachim) which were
from 3 to 50 gpm. Many wells started in aquifers

in Groups 1 or 2 and finished in aquifers in Groups
3 or 4 had better yields than those actually finished
in aquifers in Groups 1 or 2. The yields of wells
opened only to aquifers in Group 5 (Eminence-
Lamotte) were inconsistent. ranging from less than
10 gpm to asmuch as400 gpm.

Wells penetrating the St. Peter Sandstone of
Group 3 aquifers. the Roubidoux and Gasconade
Formations of Group 4 aquifers and the Potosi
Dolomite of Group 5 aquifers consistently had
higher yields than wells which did not penetrate
these units. Figure 11 shows areas where water
in these aquifers (or aquifer groups) was acceptable
in quality and should be considered for future

Sources Of Water

development when high-yield groundwater supplies
are needed.

Yields of 500 gpm have been reported from
wells in the Meramec River alluvium. In the Missouri

River alluvium. a well in the old Weldon Springs
Ordnance Plant well field was pumped at approxi-
mately 2,600 gpm for 47 hours during an aquifer test
(Emmett and Jeffery. 1968). According to Searcy.
Baker and Durum (1952. p. 48). this well field
consisted of 13 large-capacity wells on a 344-acre
tract which supplied water from the Missouri River
alluvium at a rate of more than 44 mgd. Discharge
exceeding3,300gpm hasbeen reported from irrigation
wells in the Mississippi River alluvium.

Specific capacities reported for wells in the
Mississippi, Missouri and Meramec River alluvium
are given in table 2. Durations of the tests are not
known in all instances. However. these values can
serve as an indication of the productivity of wells
in the alluvial aquifers.

Generally. high specific capacities indicate an
aquifer with high transmissivity while low specific

capacities indicate an aquifer with a low transmissivity.

Two characteristicsgoverningthe valueof an
aquifer as a source of water are its ability to store and
to transmit water. These two values can be measured
by aquifer tests.

For artesian (confined) aquifers. the storage
coefficient may range from 0.00001 to 0.001. The
storage coefficients of water-table aquifers range
from about 0.05 to 0.30.

The coefficientsof storageand transmissivity
were determined at two sites. These values are
presented in table 2. The transmissivitiesat the two
sites are virtually the samebut the coefficientsof
storage indicate water-table conditions at the Weldon
Spring site and artesian conditions at the St.
Charles site. Available well logs and water-level
measurements indicate that artesian or leaky artesian
conditions prevail throughout most of the Mississippi
River alluvium.

Results obtained from these two tests are
indicators of the hydrologic characteristics of the
alluvial aquifers. Any large-scale development of
groundwater resourcesshould be based on additional
tests.

21



WATER RESOURCES OF THE ST. LOUIS AREA, MISSOURI

22

Table 2

Summary of well data for the St. Louis area

Specific
Well ru.,lag Dut8eion capacity DI'__

Cityor' Depth db_tel' Dlteof rate of teet (IP./ft d_
8u.bclhidon Own.. Well location (feet) i1nchu) t.et (1tP8) (houn) clrawdowa) (f_t) b..cks

Bedrock aquLfen
City of De.50ro ]9-4-3.dd 800 10 Aua;. 1954 "465 . .., ,., Potod DoI011ite

(Croup 5)

lurtHanoI' Ih,lteLDI. )9.'.ZOdda 510 . '6 6 0.73 " Loverpen of- C..eoaade Dol_lte
h1neace DoI081U
(Gl('OU.p.4 " S)

Robert Schroeder 39-5.31d" '" 6 J.n. 1960 ,. 1 0.09 200 Jeffenon City-
Itoubldoux

(Group 4)

81enche eo.b. 4()"]-J2 10,., 6 1967 60 6 1.]] 4' Jonaeterl'e-lA80tte
rraUel' CoUl't (Group S)

Jeffenon County 4O-6-17bdc 7'" . 1955 .. 24 0.44 176 Cotter-Lover pan of
He8or1alNo.pLU1 c..C0Q8

(Croup 4)

Huel...tpp! RIver 40-6- Z2adc 1000 8 82 . 0.44 '.7 St. hter-Upper put
Futll Corp. of CUc_de

River ee-nt (CroUP. 3 6.4)

DovCtI_icd Co. 41-6-18dac '90 1956 140 12 0.98 14' St. htel'-!verton
(Group J)

CLty of c.du 42-J-ZS.bb 90' . Hay 1953 '0 0.24 212 Cottel'-blo.DC.
aUl (GI'0up8 4 & 5)

J.ff...aon County 42-531bc:c 1200 8 1967 130 24 1.61 80 1'OW811-Roubidoux
W.t... D18tl'ict (Group 4)
No. .

a-u.mt Boy Scout 43-4-2bc. 540 . 1950 ,., 24 0.44 llJ Puttba-St. P.t....
et"y.t ion. (Gt"oup. 2 & 3)

al'iar-Cliff Leonard $1811 4)-4-1Zbdc 67' . S.pt. 1959 " 24 0.21 107 lCi...n.ck-Evutoo
I.tat.e. balt,. Co. (Grov.p. 2 & 3)

aabl.1' Stat. Park 45a3.28bbd 1072 10 "US. 1940 I.' 24 1.61 "' J08chl....St.. P.t..1'
(Croup. 2 & 3)

C. lCd_em 46-7a20 6SS . Feb. 1936 120 4 0.89 US Ste. C._view.
aul'UqtOQ

(Gt"ou.p1)

"t18. Powd... Co. 46-3-28ddd 811 . Feb. 1941 13 , 0.07 '00 r.....viclr..St.. petn
(Croup. 1 & 3)

lAke St.. Louia 47a2a27 1375 . Mer. 1970 140 4 0.76 '" put.t.in.aRoubLcloux
(Groupe 2. J, , 4)

City of O'Fallon W.ll Mo. ) 47a)-20.d. 1500 . OCt..1960 132 , '.64 ,., lCi...ick-Upper part of
c..conade

(Groupa 2, 3. , 4)

Hon...n.to Che.ical 47a3.23ccc 1397 10 AprU 1967 183 24 0.5) ,.. lU__iclr."oubidoux
Co. (Groupe 2. ), , 4)

City of O'hUon WellNo.1 47a)-29... 83' . Sept.. 1940 SS 24 0.25 221 lU_lckaSt. Patar
(Groupe 2 , 3)

Hl..i..ippl River aUuvl..
PortaSe de. POl'tase de. Sioux 48-6-LSbcb 116 . SOO .\ 48 10.5 10 .CreeD

Sioux

alue wtng 47-4-7cbd 100 .. '000

Wb18tUns Win&; 474a IldM 80 1230 as 14.6

Lindberl , 48-3-"cbd 106 .. 2249 80 28
K8nn.y

Oro Far. 47-3a4adc 92 1690 10' ..

Her.itase Club 47a)alZada 10. .. 1750 lIS I.
Webfoot Club 47-)-12cdd OS 14 1900 ., " 32aft .cn..

St. Q)arl.. St. Charle. 47-4-24 107 1'836,180 cubic feet per
da,. par: foot

So.OOO4

Portase F.rM 48-5-23dad 107 " Sept. 196) 1160 10' U.4

H18.ouri River: .lluvi_
"I'. AIIbo 46-4-25bbd 10' .. 1963 640 , ... , )2-ft .Cl'''.. .,.11

DOt pud at. .tudy
r.te.

Hr. S.Utle 46-5-17 .. 12 '00 )2-ft acneD

Hr. 1"1I111_n 46-4a28 ., 12 .00 .. 13

Weldon Spring. 45-3-18bcc 107 15 1967 ",., 47 "quUn t...t. 1'836,180
OrdMnce PlaDt cubic fut per day

pel' foot.
S-O.,

HeralDecRiver aUuviu.
V.ney Park vaUey Park 44-5-1&1da1 ., I. Alii. 1949 ,.,4 24 72 7 is ft of 18-incb.Cl'_"

VaUe,. Park Vaney P.rk 44-5-18<1da2 6J I. Jul,. 1949 "" ,. " 14 is it of 18incb .cree".
Yield baa iltcr...ed to
47 sv-Ift after creat.at
for capacit.y 10".

vaUey Park A.b.orbent cot.t.on 44-5-17cdb 6J .. Ha,. 1957 SOO 12 ., 6 15 ft of 16ainch .Chn.
ar.vel pack.

Valley 'ark .uhland Ot_teal 4It-S-17cbd 59 .. Oct. 1959 '0' 10' , 15 ft. of 16-inch .creen
June1964 SS' UI , sr.vel pack.

Kirkwood Kirkwood No. 1 44-5-15 " .. Dec. 1926 JOO 10 40 , 18 ft. of 18-inch ":1'..1'1
Kirkwood No.2 44a5.1S 42 I. Nov. 1927 ,,., 10 ., , 20 ft of 18-1nch

concrete acreen.



CHEMICAL QUALITY OF GROUND WATER

Most bedrock wells are constructed with several
aquifers open to the well and, for this reason, it is
not feasible to sample water from individualaquifers
to determine their representative water-quality char-
acteristics. Therefore, the discussion of chemical
quality of water from bedrock will be by the five
aquifer groups shown on figure 7. Quality of water
from alluvial deposits will be discussed as Meramec
River alluvium and as Mississippi-MissouriRiver
alluvium. Only analyses of water from wellsdepicted
on logs in the Missouri GeologicalSurvey files were
used in this study.

The chemical quality of ground water in the
study area isquite variable, ranging in dissolved-solids
content from 122 to 17,500 mg/I (milligrams per
liter), with the water varying from a calcium-
magnesium bicarbonate to a sodium chlorid~, sodium
sulfate, or a sodium bicarbonate type. At lower
concentrations of dissolved solids, the calcium-
magnesium-bicarbonate type of water generally is
predominant and, as the dissolved-solidscontent of
the water increases, the type of water is va~iable
depending upon the source. At higher concentrations
of dissolved solids the water is a sodium-chloride
type.

The source and significanceof dissolvedmineral
constituents and properties of water are summarized
in table 3. The values that were equal to or lessthan
found in 75 and 50 percent of the samples from
each aquifer group and from the alluvial.deposits of
the major streams are given in tables 4 and 5.
Differences in the concentrations of various con-
stituents are apparent, indicating certain factors
which control water quality in the study area.

The principal factors affecting groundwater
quality in the area are the complex interrelations
imposed by the lithology of the rock units; perme-
ability of the rock units; the controls on water
movement exerted by the geologic structure; the
length of time water has been in the aquifer and the
distance it has moved from the recharge area; the
degree of flushing of entrapped saline water (connate
water) from the rock -units; and, in local areas, the
works of man.

The structural attitude of rock units in the
St. Louisarea exerts a pronounced effect on ground
water recharge, discharge, and quality. Anticlinal
features such as the Eureka-House Springs anticline

Sources Of Water

shown on figure 6 tend to be areas of rechargedue to
secondary permeability developed at their crests by
fracturing and jointing. The synclines probably act
as traps for mineralizedwater, and flushing progresses
more slowly than elsewhere.Waters in these synclinal
areas tend to be of poorer quality than waters from
areas where more complete flushing has taken place.
Structure contour maps and cross-sections of the
area seem to substantiate the presence of synclinal
traps in the Valley Park area and in T. 42 and 43 N.,
R. 6E., in southeastern St. Louis County and north-
eastern Jefferson County. Also, movement of highly
mineralized water from deeper horizons up into
shallower zones through old abandoned wells is
probably occurring in the Valley Park area.

Faults (fractures along which there has been
movement of the two sides relative to one another)
can act either as barriers to groundwater flow; when
aquifers are faulted against impervious beds or the
rocks have been recemented, or as open conduits for
water if the rock is broken and fractured adjacent to
the fault. Whenthe fault zone is impervious,complete
flushing of connate water in the aquifer might not
be accomplished. If the fault zone is open, complete
flushing of connate water takes place, and the more
rapid circulation of water removes much of the
soluble material. Fault zones which are accompanied
by intense rock deformation, such as the area in
southwestern Jefferson County in T. 39 N., R. 3 E.,
and 4, are locally important recharge areas. The
Maxville fault in T. 43 N., R. 5 E., (fig. 6) acts as a
barrier to the movement of water and retards flushing
in the aquifer.

In addition to the physical constraints that
affect groundwater quality, man unfortunately creates
many of his own problems. Effluents from improperly
constructed septic tanks or from areas where the
concentration of septic tanks is too great for the
absorptive capabilities of the soil cover, and leakage
from improperly constructed or improperly located
sewage lagoons moves into the groundwater reservoir
and contaminates the ground water. Drainage from
improperly operated or improperly located sanitary
landfills may alsoadd largequantities of contaminants
to the groundwater reservoir.

The generalized groundwater-quality areas
shown in plate 2, are based on a dissolved-solids
content of less than 500 mg/I in or above the
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Table3

SOURCEANDSIGNIFICANCEOF DISSOLVEDMINERALCONSTITUENTSANDPROPERTIESOF WATER

Constituent or property

Silica (Si02)

Iron (Fe)

Manganese (Mn)

Calcium (Ca) and mag-
nesium (Mg)

Sodium (Na) and potas-
sium (K).

Bicarbonate (HC03) and

carbonate (C03)

Chloride (CII

Fluoride (F)

24

Source or cause

Dissolved from practically all rocks
and soils, commonly less than 30
mg/I High concentrations, as much
as 100 mg/I, generally occur in
highly alkaline waters.

Dissolved from practically all rocks
and soils. May also be d4lrived
from iron pipes, pumps, and other
equipment. More than 1 or.2 mg/I
of soluble iron in surface waters
generally indicates ecid wastas from
mine drainage or other sources.

Dissolved from some rocks and soils.
Not so common as iron. Large
quantities often associated with
high iron content and ecid waters.

Dissolved from practically all rocks
and soils, but especially from lime-
stone, dolomite, and gypsum. Cal-
cium and magnesium are found in
large quantities in some brines.
Magnesium is present in large quan-
tities in sea water.

Dissolved from practically all rocks
and soils. Found ~ in ancient
brines. sea water, industrial brines,.
and sewage.

Action of carbon dioxide in water on
carbonate rocks such as limestone
and dolomite.

Dissolved from rocks and soils c0n-
taining gypsum, iron sulfides, and
other sulfur compounds. Com-
monly present in mine waters and
some industrial wastes.

Dissolved from rocks and soils. Pres-

ent in sewage and found in large
amounts in ancient brines,. sea
water, and industrial wastes.

Dissolved in small to minute quanti-
ties from most rocks and soils.
Added to many waters by fluorida-
tion of municipal supplies.

Significance

Forms. hard scale in pipes and boilers. Carried over in
steam of high-pressure boilers to form deposits on
blades of turbines. Inhibits deterioration of molite-
type water softeners.

More than about 0.3 mg/I stains laundry and utensils
reddish brown. Objectionalbe for food processing,
textile processing, beverages, ice manufacture, br_-
ing, and other processes. USPHS (1962)ldrinking-
water standards state that iron should not exceed
0.3 mgll. Larger quantities cause unpleasant taste
.and favor growth of iron bacteria,

Same obj8c:tionable features as iron. Causes dark brown
or black stain. USPHS (1962) drinking-water stan-
dards state that manganese should not exceed 0.05
mg/I.

Cause most of the hardness and scale-forming proper-
ties of water; soap consuming (see Hardness).
Waters low in calcium and magnesium desired in
electroplating, tanning, and dyeing and in textile
manufacturing.

Large amounts, in combination with chloride, give a
salty taste. Moderate quantities have little effect on
the usefulness of water for most purposes. Sodium
salts may cause foaming in steam boilers, and a high
sodium content may limit the use of water for irri-
gation.

Bicarbonate and carbonate produce alkalinity. Bicarb-
onates of calcium and magnesium decompose in
steam boilers and hot-water facilities to form scale
and release corrosive carbon dioxide gas. In combin-
ation with calcium and magnesium they cause car-
bonate hardness.

Sulfate in water containing calcium forms hard scale
in steam boilers. In large amounts, sulfate in com-
bination with other ions gives a bitter taste to
water. Some calci~m sulfate is considered beneficial
in the brewing process. USPHS (19621 drinking-
water standards recommend that the sulfate content
should not exceed 250 mg/I.

In large amounts in combination with sodium gives
salty taste to water. In large quantities increases the
corrosiveness of water. USPHS (1962) drinking-
water standards recommend that the chloride c0n-
tent not ex~ 250 mg/I.

Fluoride in drinking water reduces the incidence of
tooth decay when the water is consumed during the
period of enamel calcification. However, it may
cause mottling of the teeth depending on the con-
centration of fluoride, the age of the child, the
amount of water consumed. and the susceptibility
of die individual. The maximum concentration of
fluoride recommended by the USPHS (1962) varies
with the annual average of maximum daily air
temperatures and ranges downward from 1.7 mg/I
for an average maximum daily temperature of 10.00
C to 0.8 mg/I for an average maximum daily temp-
erature of 32.SoC. Optimum concentrations for
these ranges are from 1.2 to 0.7 mg/I.



Table 3 (continued) . . . . .

Sources Of Water

Constituent or property

Nitrate (N03)

Dissolved solids

Hardness as caC03

Specific conductance (mi-
cromhos at 25oC).

Hydrogen-ion concentra-

tion (pH)

Color

Temperature

Suspended sediment

Source or cause

Decaying organic matter,legume
plants, sewage, nitrate fertilizers
and nitrates in soils.

Chiefly mineral constituents dis-
solved from rocks and soils.

In most waters, nearly all the hard-
ness is due to calcium and mag-
nesium. All the metallic cations
other than the alkali metals also
cause hardness.

Mineral content of the water.

Acids, acid-generating salts, and free
carbon dioxide lower the pH. Car-
bonates, bicarbonates, hydroxides.
phosphates, silicates, and borates
raise the pH.

Yellow-to-brown color of some water
usualiy is caused by organic matter
extracted from leaves. roots. and
other organic substances. Color in
water also results from industrial
wastes and sewage.

Climatic conditions, use of water as a
cooling egent, industrial pollution.

Signific:atlce

Concentration much greater than the local average may
suggest pollution. USPHS (1962) drinking-water stand-
ards suggest a limit of 45 mg/I. Waters of high nitrate
content have been reported to be the cause of meth-
emoglobinemia (an often fatal disease in infants) and
therefore should not be used in infant feeding. Nit-
rate has been shown to be helpful in reducing the
intercrystaline cracking of boiler steel. It encourages
the growth of algae and other organisms which may
cause odor problems in water supplies.

USPHS (1962) drinking-water standards recommer:(t
that the dissolved solids should not exceed 500 mg/l.
However, 1,000 mg/I is permitted under certain cir-
cumstances. Waters containing more than 1,000 mgll
of dissolved solids are unsuitable for many purposes.

Consumes soap before a lather will form. Deposits
soap curd on bathtubs. Hard water forms scale in
boilers, water heaters, and pipes. Hardness equivalent
to the bicarbonate and carbonate is called carbonate

hardness. Any hardness in excess of this is called
noncarbonate hardness. Waters of hardness up to 60
mgJl are considered soft; 61-120 mgll moderately
hard; 121-18<1mwl hard; more than 180 mgJl very
hard.

Indicates degree of mineralization. Specific conductance
is a measure of the capacity of the water to conduct

an electric current. It varies with the concentrations
and degree of ionization of the constituents, and
with temperature.

A pH of 7.0 indicates neutrality of a solution. Values
higher than 7.0 denote increasing alkalinity; values
lower than 7.0 denote increasing acidity. pH is a
measure of the activity of hydrogen ions. Corrosive-
ness of water generally increases with decreasing pH.
However, excessively alkaline water may also attack
metals.

Water for domestic and some industrial uses should be
free from perceptible color. Color in water is objec-
tionable-in food and beverage processing and many
manufacturing pr~

Affects usefulness of water for many purposes. Most
users desire water of uniformly low temperature.
Seasonal fluctuations in temperature of surface waters
are comparatively large depending on the volume of
water.

Sediment must generally be removed by flocculation
and filtration before water is used by industry or
municipalities. Sediment deposits reduce the storage
capacity of reservoirs and lakes and clog navigable
stream channels and harbors. Particle-size distribution

is a factor controlling the density of deposited sediment
and is considered in the design of filtration plants.
Sediment data are of velue in designing river-develop-
ment projects, in the study of biological conditions
and fish propagation, and in programs of soil conser.
vation and watershed management.

Erosion of land and stream channels.
Quantity and partide-size gradation
affected by many factors such as
form and intensity of precipitation,
rate of runoff, stream channel and
flow characteristics, vegetal cover,
totJography, type and characteristics
of soils in drainage basin, agricul-
tural practices, and some industrial
and mining activities. Largest con-
centrations and loads occur during
periods of storm runoff.

1"Public Health Service Drinking Water Standards," revised 1962, apply to drinking water and water.supply systems used by
carriers and others subject to Federal quarantine regulations.

25

--



WA TER RESOURCES OF THE ST. LOUIS AREA, MISSOURI

Table4

Comparison of 75 percentile values of chemical

constituents dissolved in water from each aquifer group

aquifer group indicated by the number designation

of the area. For example, a well drilled in area 3

could expect potable water in allaquifers through the

St. Peter Sandstone and Everton Formation.

BEDROCK AQUIFERS

GROUP 1 (POST-MAQUOKETA) AQUIFERS

Water from Group 1 aquifers varies from a

calcium-magnesium-biearbonate type to a sodium-

sulfate, sodium-bicarbonate, or a sodium-chloride

type. The dissolved-solidscontent isquite variable,

ranging from 246 to 6,880 mg/I. The water isgenerally

low in iron and very hard (Hem, 1970, p. 225).

Slightly more than 75 percent of the wells sampled

yielded water containing less than 0.3 mg/I of iron.

Hardness of water from most of the wells was greater

than 180 mg/I. Fluoride content of the water is rela-
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tively high. In 50 percent of the samples, the fluoride

content was greater than 1.4 mg/I. The analyses

of water from 99 wells are summarized in table

6, and selected analyses of water from Group 1

aquifers are give') in appendix 2. Locations of the

wells are shown on plate 1 and some analyses are

shown graphically on plate 2.

The data given in table 6 indicate that just over

50 percent of the wells sampled yielded potable

water. These wells are, for the most part, near the

outcrop line of Meramecian Series rocks (St. Louis,

Salem, and Warsaw Formations) of Mississippian

age, and, based upon the 25 percentile values, they

yield predominantly calcium-magnesium-bicarbonate

type of water. The higher dissolved-solids contents in

water from Group 1 aquifers are from an area just

north and northwest of the city of St. Louis in St.

[data in milligrams per liter, or as indicateq]
Aquifers I Alluvium Alluvium

Meramec Mississippi and
Constituent GrOUD 1 Group 2 Group 3 Group 4 Group 5 River Missouri Rivers

Silica (Si02)------- 12 8.5 9.4 8.9 9.6 12 30

Iron (Fe)----------- .22 .52 .50 .25 .31 2.2 9.4

Manganese(Mn)------ ---- ---- ---- ---- ---- .85

I

.95

Calcium (Ca)-------- 97 105 94 95 120 86 133

Magnesium (Mg)------ 49 51 40 51 58 25 I 34

Sodium (Na)--------- 350 80 35 40 166 34

I

16

Potassium(K)------- ---- ---- ---- 7.8 ---- 2.8 5.0

Bicarbonate plus 515 397 380 420 I 396 I 266 I 528

carbonate (HC03+003).

Sulfate (S04)------- 92 I 88 I 36 I 71 I 48 I 65 I 71

Chloride(Cl)------- 49 32 38 45 370 56 7.5

Fluoride(F)-------- 3.0 1.4 .7 .7 .1 .1 .4

Nitrate (N03)------- 2.5 1.9 2.8 1.5 .3 2.3 1.1

Dissolved solids 820 621 475 610 770 476 596
(residue at 180°C).

Hardness as CaC03---

14__ I

430

I

345
I

440

I

450

I

324 I 513

Specific conductance ---- ---- I ---- ---- 806 I 884
(micromhos at 25°C).

pH------------------ I
----

I
----

I
----

I
----

I
----

I 7.7 I 8.0



Louis County, and in extreme southeastern St.
Louis County. Water in these areas generally is a
sodium-chloride type, but it may also contain large
amounts of calcium and sulfate. Variations in the
predominant chemical characteristics between the
calcium-magnesium-bicarbonatetype and the sodium-
chloride type are presumably related to the effects of
geologic structure, the movement of water from
overlying or underlying formations into Group 1
aquifers, and to the presence of certain minerals in
the parent rock.

Waters havinga high sulfate content are, for the
most part, limited to the area underlain by rocks of
Pennsylvanian age. These rocks comprise shales,
sandstones, and siltstones that locally have minor
amounts of pyrite and gypsum. These fine-grained
rocks are relatively impermeable; however, over a

Table 5

Sources Of Water

large area, they could yield enough seepageto explain
some of the sulfate anomalies in the study area.
In northeastern St. LouisCounty, high concentrations
of sulfate coincide with the Cheltenham syncline
(Fenneman, 1911, fig. 51. and, according to Trapp
(1961I.the sulfate/chloride ratios indicate that water
with a higher sulfate content is moving upward
from lower stratigraphic horizons. A persistent zone
at the base of the St. Louis Limestone has thin
stringers of gypsum that could contribute minor
amounts of sulfate to the ground water in this part
of the study area (Owens, 1960).

In southeastern St. Louis County. the chemical
character of the water changesfrom a predominantly
calcium-magnesium-bicarbonate type to a sodium-
bicarbonate type, and, farther downdip, to a sodium-
chloride type. The sodium-bicarbonate type of water

Comparison of 50 percentile values of chemical
constituents dissolved in water from each aquifer group

[d in milli 11 dJindi
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Aauifers Alluvium Alluvium

Meramec Mississippi and
Constituent Groul> 1 GrOUI>2 Group 3 Groul>4 Group River Missouri Rivers

Silica (Si02)------- 8.6 6.2 8.4 7.2 8.0 11 26

Iron (Fe)----------- .15 .15 .17 .11 .19 .75 5.2

Manganese (Mn)------ ---- ---- ---- ---- ---- .76 .75

Calcium (Ca)-------- 71 66 74 78 68 66 106

Magnesium (Mg)------ 37 36 30 39 38 20 26

Sodium {Na)--------- 80 27 15 15 7.6 21 11

Potassium (K)------- ---- ---- ---- 4.1 ---- 1.8 3.9

Bicarbonate plus 440 352 347 350 342 212 449
carbonate(HC03+C03).

Sulfate (S04)------- 30 38 20 37 23 45 26

Chloride (Cl)------- 12 11 9.0 10 6.7 29 4.1

Fluoride (F)-------- 1.4 .7 .4 .2 .1 .0 .2

Nitrate (N03)------- .9 .6 .6 .4 .2 .4 .2

Dissolved solids 480 418 390 430 392 351 476
(tesidue at 180°C).

Hardnessas CaC03-- 360 313 302 350 353 247 402

Specific conductance
(micromhos at 25°C). ---- ---- ---- ---- ---- 593 773

pH------------------ ---- ---- ---- ---- ---- 7.8 7.6
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Distribution of chloride In Group 1 (Post-Maquoketa)aquifers.
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evidently is a result of base~xchange - a process in

which calcium and magnesium ions in the water are

replaced by sodium ions. The minimum values shown

on table 6 for calcium and magnesium are for

analyses of water from this area.

Both of these areas of high dissolved solids

coincide with synclinal or anticlinal structures de-

veloped in the rocks. The area in eastern St. Louis

County coincides with the northern part of the

Cheltenham syncline, the Florissant dome and the

Twelfth Street anticline, and the area in southeastern

St. Louis County coincides with a troughlike de-

pression which isapparent on structural maps prepared

by Trapp (1961). Figure 12 is a map showing the

generalized distribution of chloride in Group 1

aquifers. It ispossiblethat groundwater circulationis

extremely poor in these areas and the high chloride

water has not been flushed from the aquifers.

However, it ismore probable that mineralized water

has moved into some of the structuresfrom deeper

horizons or from adjacent gas-and oil-bearingrocks.

High concentrations of iron were found in

water from many areas (fig. 13). Although the

reasons for the high iron content are not known, the

Table 6

Sources Of Water

same form of geochemical control is probably respon-

sible for all of the high values in the study area.

The high fluoride values in.water from this

group could result from solution of fluorite in the

aquifers. However. increases in fluoride concentration

have been noted in other parts of the State accom-

panying encroachment of saline water.

GROUP 2 (KIMMSWICK-JOACHIM) AQUIFERS

Water from wells that bottom in Group 2

aquifers range in dissolved-solids content from 207 to

17,500 mg/I, with 75 percent of the samples con-

taining less than 621 mg/I (table 7). At the higher

levels of dissolved solids. the waters are a sodium-

chloride type. The waters generally are low in

iron content; 68 percent of the samples analyzed

contained less than 0.3 mg/I. Hardness of the water

ranges from 128 to 1,270 mg/I. The fluoride content of

75 percent of the samples analyzed was less than

1.4 mg/I. The analyses of water from 57 wells are

summarized in table 7. Twenty of these analyses

were from wells that are open only to Group 2

aquifers. The remainder of the analyses are from

wells open to Group 1 and Group 2 aquifers. Selected

analyses of water from Group 2 aquifers are given in

Maximum, minimum, and 25, 50, 75 percentile values for

constituents in water from Group 1 (post-Maquoketa) aquifers~/

~IData based on analyses from 99 wells.
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Percent of Samples

Constituent Maximum 75 50 25 Minimum

Silica(5102)------ 38 12 8.6 5.8 0.1

Iron (Fe)nnn____ 13 0.22 0.15 0.12 0.02

Calcium(Ca)_nn__ 1,380 97 71 42 3.6

Magnesium(Mg)_u__ 131 49 37 25 1.1

Sodium(Na)--n-___ 2,400 350 80 22 7.6

Bicarbonateplus 857 515 440 350 220
csrbonate(HC03+C03).

Sulfate(504)0000-- 1,290 92 30 18 0.2

Chloride(Cl)------ 3,420 49 12 5.5 0.5

Fluoride(F)-_n.n_ 13 3.0 1.4 .3 .0

Nitrate(N03)--n-- 77 2.5 .9 .0 .0

Dissolvedsolids 6,880 820 480 395 246
(residueat l80.C).

Hardness as CaC03 00 3,950 435 360 220 14
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Areas in which iron concentrations in ground water from bedrock aquifers are in excess of 0.3 milligrams per liter.
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Table 7

Sources Of Water

Maximum~ minimum~ and 25, 50, 75 percentilevalues for
constituentsin water from Group 2 (Kimmswick-Joachim) aquifers~/

@ 11

!.f Data based on analyses from 57 wells.

appendix 2. Locations of the wells sampled are shown

on plate 1, and a few analyses are shown graph ically

on plate 2.

Approximately 64 percent of the wells sampled

in Group 2 aquifers yielded potable water. These

potable waters generally are a calcium-magnesium-

bicarbonate type, but a comparison of the 50 and

75 percentile values in table 7 shows significant

increases in.sodium, sulfate, and chloride with higher

dissolved-solids content, indicating that the chemical

character of the water is changing to a sodium-

sulfate or sodium-<:hloride type.

Water from wells adjacent to the Meramec

River in T. 44 N., R. 4 and 5 E., in the Valley Park

area, and in T. 42 N., R. 6 E., in Jefferson County,

had a higher dissolved-solids content. The wells in

the Valley Park area are in a synclinal structure

that may still contain connate water. Some of the

mineralized water is moving from deeper horizons,

either through natural fractures or through abandoned

well bores. The area in Jefferson County is in the

vicinity of the Maxville fault and it may not be

completely flushed of connate water. Wells in areas

to the north and northeast where Group 2 aquifers

are more deeply buried undoubtedly yield saline

water. Figure 14 shows the generalized distribution

of chloride in Group 2 aquifers.

GROUP 3 (ST. PETER-EVERTON) AQUIFERS

The chemical characteristics of water given

here represent a composite of waters from the St.

Peter Sandstone and Everton Formation and from the

overlying aquifer groups. Of the 63 analyses of water

from Wells bottoming in aquifer Group 3, one well

derived its water solely from this group. The location

of the wells sampled are shown on plate 1, and

selected analyses are shown graphically on plate 2.

Because of the mixing of water from the different

aquifer groups, the chemical characteristics shown

for Group 3 water are similar in many respects to

those for the overlying groups. However, some

differences do exist. The summary of analytical

data in table 8 shows the water to be generallya

calcium-magnesium-bicarbonate type. Dissolved-solids

content ranges from 264 to 7,270 mg/I, with
75 percent of the samples containing less than 475

mg/l. Hardness of the water ranges from 30 to
1,420 mg/I, and the iron and fluoride contents

31
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Percentof Sam les
Constituent Maximum 75 50 25 Minimum

Silica(Si02)n---- 27 8.5 6.2 4.4 1.2

Iron (Fe)__nn_h_ 34 .52 .15 .09 .01

Calcium(Ca)-n__n 279 105 66 46 12

Magnesium(Mg)__n_ 188 51 36 30 12.

Sodium(Na)---nn- 5,960 80 27 12 4.4

Bicarbonateplus 523 397 352 310 141
carbonate(HC03+C03).

Sulfate(S04)-n--- 1,320 88 38 21 1.6

Chloride(Cl)n-_n 10,000 32 11 4.6 2.2

Fluoride(F)_nn__ 3.5 1.4 .7 .3 0

Nitrate(N03)--n-- 13 1.9 .6 .1 0

Dissolvedsolids 17,000 621 418 344 207
(residue at 180.C).

Hardnessas CaC03-- 1,270 430 313 255 128
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Sources Of Water

Table 8

Maximum, minimum, and 25, 50, 75 percentile values for

constituents in water from Group 3 (St. Peter-Everton) aquifers~/

~IData based on analyses from 63 wells.

generally are moderate.A comparisonof the 75
percentile values of water from Group 1, 2, and 3
(tables 6, 7, and 8) shows that water from Group 3
generally is less mineralized than water from Groups
1 and 2 indicating that most of the wells bottoming
in Group 3 aquifers derive their water from the St.
Peter Sandstone and Everton Formation.

Most of the wells that yielded water with a high
dissolved-solids content are located in or near the
water-quality problem areas discussed for Groups 1
and 2. Distribution of chloride concentrations in
water from Group 3 (Everton-St. Peter) aquifers is
shown on figure 15. These chloride values are not as
high as would be expected from connate water and
they evidently are a result of leakage of more
mineralized water from underlying or overlying for-
mations.

GROUP 4 (POWELL-GASCONADE) AQUIFERS

Water from Group 4 aquifers generally is a
moderately mineralized, calcium-magnesium-bicar-
bonate type in and near areas of outcrop. In eastern

. St. Charles, eastern St. Louis, and northeastern
Jefferson Counties, where the rocks are deeply

buried, the aquifers yield a highly mineralized,
sodium-chloride type of water. The dissolved-solids
content ranges from 256 to 9,970 mg/l. The water
is generally low in iron and very hard. More than
75 percent of the wells sampled yielded water
containing less than 0.3 mg/l of iron. The fluoride
content of the water from Group 4 aql!ifers is
relatively low; however, 25 percent of the samples
analyzed contained more than 1.5 mg/l. Analyses
of water from 48 wells are summarized in table 9.
Many of these analyses are for water from Group
4 aquifers only; however, several of the wells are
also open to the aquifer groups previously discussed.
Selected analyses of water from Group 4 aquifers are
given in appendix 2. Locations of the wells sampled
are shown on plate 1 and selected analysesare shown
graphically on plate 2.

Areas where Group 4 aquifers yield potable
water are limited to the southern and western parts
of the study area (pI. 2). Within this area, the water
is predominantly a calcium-magnesium-bicarbonate
type. In the vicinity of De Soto, however, water
from this aquifer group has a higher dissolved-solids
content and contains significant quantities of sulfate.
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_..._...._u _...............__ -. ...---..
Percentof Samples

Constituent Maximum 75 50 25 Minimum

Silica(Si02)-------- 13 9.4 8.4 6.8 2.0

Iron (Fe)--n-------- 18 .50 .17 .09 .04

Calcium(Ca)------u_ 325 94 74 59 6.5

Magnesium(Mg)------- 290 40 30 26 6.3

Sodium(Na)------n-- 1,810 35 15 7.8 1.6

Bicarbonateplus 536 380 347 314 217
carbonate (HC03+C03)

Sulfate (S04)-------- 442 36 20 13 4.1

Chloride(Cl)--h---- 5,050 38 9.0 3.0 1.4

Fluoride(F)------h- 2.5 .7 .4 .3 0

Nitrate(N03)u------ 17 2.8 .6 .1 0

Dissolvedsolids 7,270 475 390 335 264
(residueat 180.C).

Hardnessas CaC03---- 1,420 345 302 279 30
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Thereason for the higher sulfate content in this area
may be the oxidation and subsequent solution of
sulfide minerals occurring locally.

Wells yielding water with a high chloride
content are located just north of Herculaneum,
adjacent to the MississippiRiver in Jefferson County
and in the Valley Park area in St. louis County
(fig. 16). The wells north of Herculaneum are
located on the downthrown side of a fault, and it is
probable that connate water has not been flushed
from the aquifers here. In the Valley Park area,
these aquifers contain highly mineralized water and
they are presumed to be the source of mineralized
water in the overlying formations. Wells' in Valley
Park that were drilled into these aquifers flowed at
the surface. Some of these wells were abandoned.
One of the wells is still flowing, indicating that the
hydrostatic pressure is sufficient to move the min-
eralized.waterupward into the other formations.

GROUP 5 (EMINENCE-LAMOTTE) AQUIFERS

Potable water in Group 5 aquifers is limited to
the southern third of the study area. Farther to the

Table9

Sources Of Water

north and northeast these rocks are deeply buried
and contain highly mineralized water (pI. 2). The
results of chemical analyses of water from 24
wells are summarized on table 10, and selected
analyses are given in appendix 2. locations of the
wells sampled are on plate 1, and selected analyses
are shown graphically on plate 2. The dissolved-solids
content of water from wells in Group 5 aquifers
ranged from 279 to 13,500 mg/I, the lower values
characteristic of water from wells near the outcrop
and the higher values characteristic of water downdip.

The water is very hard and generally is low in
both iron and fluoride content. Valuesgiven for the
50 and 25 percentiles on table 10 indicate the
calcium-magnesium-bicarbonatecharacter of the water
at the lower dissolved-solidscontents. A comparison
of the 50 and 75 percentile valuesshows that increases
in dissolved-solids content in excess of about 400
mg/I are due principally to increases in the sodium
and chloride contents. Although the 50 and 25
percentile values emphasize the calcium-magnesium-
bicarbonate character of the water, minor variations
in the concentrations of other constituents can be
expected because of the influence of water from
overlying aquifers which may be open to the well.

Maximum, minimum, and 25, 50, 75 percentile values for

constituents in water from Group 4 (Powell-Gasconade) aquifers~/

a

~I Databasedon analY8esfrom48 wells.

35

---- --- ----- --- -- -----
Percentof Sam les

Constituent Maximum 75 50 25 Minimum

Silica(Si02)nnnn 20 8.9 7.2 5.6 2.3

Iron (Fe)nnnnnn 4.0 .25 .n .06 .01

Calcium(Ca)n__nn_ 479 95 78 68 18

Magnesium(Mg)_n_n_ 201 51 39 32 22

Sodium(Na)-------n- 2,570 40 15 7.0 2.5

Potassium(K)unn__ 13 7.8 4.1 2.2 1.3

Bicarbonateplus 597 420 350 310 134
carbonate (HC03+C03).

Sulfate (504)-------- 564 71 37 21 3.1

Chloride(Cl)_n_nu 4,550 45 10 4.2 2.0

Fluoride(F)--------- 3.0 .71 .2 .1 .0

Nitrate(N03)n------ 55 1.5 .4 .1 0

Dissolved solids 9,970 610 430 360 256
(residue at 180.C).

Hardness as CaC03---- 2,020 440 350 300 68
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ALLUVIALAQUIFERS

MISSISSIPPIANDMISSOURIRIVER ALLUVIUM

Waterfrom alluvialdeposits along the Mississippi
and Missouri Rivers has fairly uniform chemical
characteristics, except that it varies widely in dis-
solved-solidscontent. Thewater generally isa calcium-
magnesium-bicarbonate type and locally may contain
sighificant quantities of sulfate. The iron and man-
ganese contents commonly are high, and the water is
very hard. Complete analyses are given in table 2,
appendix 2. Locations of the wells are shown on
plate 1 and selected analyses are shown graphically
on plate 2. The maximum and minimum values and
the values which were equal to or less than that
found in 75, 50, and 25 percent of the samples
analyzed are given in table 11. These data emphasize
the calcium-magnesium-bicarbonatecharacter of the
water. A comparison of the 75 percentile valueswith
the maximum values shows that the near-maximum
values for sodium, chloride, and nitrate are unusual.
The maximum value for nitrate probably is a result
of contamination from a surface waste source. The
maximum values for sodium and chloride are thought

Table 10

Sources Of Water

to result from the infiltration of saline water from a
nearby flowing deep well.

Areal variations in the chemical character and
dissolved-solids content of the water are indicated
by the graphical representation of selected analyses
in plate 2. These bar diagrams emphasize the pre-
dominant calcium-magnesium-bicarbonate character
of water inmost of the area. Except for wells47-4-3Ob
and 48-7-33d, variations in the chemical character
and dissolved-solidscontent of the water appear to be
random and are probably caused by variations in the
chemical composition of the aquifer material, by the
length of time the water has been in contact with the
aquifer material, and by the differences in perme-
ability of the aquifer.

MERAMECRIVERALLUVIUM

Water from alluvial deposits along the Meramec
River generally is a calcium-magnesium-bicarbonate
type. However, in local areas, principally Valley
Park and Times Beach, some wells yield a sodium-
chloride type of water. For the most part the water is
moderatelv mineralized. Dissolved-solids content

Maximum, minimum, and 25, 50, 75 percentile values for
constituents in water from Group 5 (Eminence-Lamotte) aquifers~/

!.I Data based on analysesfrom 24 wells.
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Percent of Samples
Constituent Maximum 75 50 100 Minimum

Silica(Si02)-oo----- 1.8 9.6 8.0 5.5 1.0

Iron(Fe)-_oooo__oo__ 2.0 .31 .19 .06 .02

Calcium(Ca)_uoo__n 639 120 68 60 49

Magnesium (Hg)------- 602 58 38 34 26

Sodium(Na)-__oooo_oo 5,420 166 7.6 2.9 1.6

Bicarbonateplus 469 396 342 301 269
carbonate(HCO)+C03).

Sulfate (504)00000000 547 48 23 18 13

Chloride(Cl)-------- 6,900 370 6.7 4.2 2.3

Fluoride(F)--------- 3.2 .1 .1 .1 .0

Nitrate(N03)--oooooo 16 .3 .2 .1 .0

Dissolvedsolids 13,500 770 392 341 279
(residueat 180°C).

Hardnessas CaC03-oo- 4,060 450 353 305 247
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Table 11

Maximum, minimum, and 25, 50, 75 percentile values for
constituents in water from Mississippi and Missouri River alluvium

~ata in milligrams per liter. or as indicate4J

ranges from 122 to 1,070 mg/I and 75 percent of the

samples contained less than 476 mg/I. Hardness of the

water ranges from 88 to 456 mg/I, with most of the

water being very hard. The water also contains

significant quantities of iron and manganese. Sixty.

six percent of the samples exceeded the U.S. Public

Health Service (1962) drinking water standards of

0.3 mg/I for iron. The ranges in concentration and

the 75, 50, and 25 percentiles of the princ;pal

constituents and properties of the water are given

in table 12. A comparison of the maximum values

with those equal to or less than that found in 75

percent of the samples indicates that near-maximum

values are, for 'the most part, unusual. Selected

analyses are given in table 2, appendix 2. Locations
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of the wells are shown on plate 1, and selected

analyses are shown graphically on plate 2.

Areal differences in the chemical character of

the water are caused by variations in the lithology and

permeability of the alluvial deposits, by intrusion

of saline water from bedrock formations, and locally

by effluents from septic tanks or other waste-

disposal systems. Water-quality characteristicsvary in

most parts of the alluvial area because of the variabil-

ity of the character and composition of aquifer

materials, principally the amount of clays and degree

of sorting. In general, the dissolved~olids content is

lower along the bluffs or outer edge of the alluvium

and increases gradually as the water moves toward

the river.The high nitratecontent of water from a

Percent of SamD1es
Constituent Maximum 75 50 25 MinimulII

Temperature (OC)_____ 19 15 13.5 13 12

Silica (Si02)-------- 37 30 26 22 12

Iron (Fe)------------ 48 9.4 5.2 2.9 .06

Manganese (Mn)------- 4.3 .95 .75 .39 .15

Calcium (Ca)--------- 172 133 106 81 46

Magnesium (Mg)------- 48 34 26 19 10

Sodium (Na)---------- 224 16 11 7.6 1.1

Potassium (K)-------- 6.2 5.0 3.9 1.4 .8

Bicarbonate (HC03)--- 784 528 449 332 184

Sulfate (S04)-------- 132 71 26 8.9 .4

Chloride (C1)-------- 334 7.5 4.1 2.0 .5

Fluoride (F)--------- .5 .4 .2 .2 .0

Nitrate (N03)-------- 15 1.1 .2 .0 .0

Dissolved solids 1,030 596 476 385 205

(r.esidue at 180°C).

Hardness as CaC03)--- 820 513 402 312 156

Specific Conductance 1.760 884 773 625 316

(Micromhos at 25°C).

pH (units)----------- 8.2 8.0 7.6 7.3 7.0

Color (units)-------- 35 6 4 2 0
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Table 12

Maximum, minimum, and 25, 50, 75 percentile values for
constituents in water from Meramec River alluvium

d

few of the wells is presumably caused by waste-

disposal practices.

Anomalous areas of higher dissolved-solids

content are in the Valley Park and Times Beach areas.

Available data indicate that the higher dissolved-

solids content is due to the increased sodium and

chloride content and that the more highly mineralized

water is the result of natural upward leakage of saline

water from the bedrock formations. Leakage also

occurs through nonplugged abandoned wells which

were drilled into the Roubidoux Formation.

The area of greatest impact of increased

mineralization of water in the alluvium is in the

western side of Valley Park in the vicinity of well

17 cbd and well 17 cdb. The distribution of chloride

in the alluvium in Valley Park for periods of high

and low water levels is shown in figure 17. The

chloride content at approximately monthly intervals

is shown in table 13 for the two industrial wells and

the two Valley Park municipal wells (18 dda1 and

18 dda2)'

Although the chloride content of water from

these wells varies considerably with time, the patterns

of chloride distribution are similar. The isochlors

apparently shift slightly in response to the relative

pumping rates and duration of pumping of the

production wells in the area; that is, if well 17 cbd

is being pumped at a greater rate than well 17 cdb,

higher concentrations of chloride will be nearer

well 17 cbd, but if both wells are shut down and
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---- -... ----- ---- -- ----- -- -.. -----:;...0
Percent of Samples

Constituent Maximum 75 50 25 Minimum

Temperature(.C)----- 16 14 14 13 12

Silica (Si02)-------- 20 12 11 9.6 8.8

Iron (Fe)------------ 21 2.2 .75 .17 .00

Manganese(Mn)------- 4.6 .85 .76 .28 .00

Calcium (Ca)--------- 150 86 66 57 20

Magnesium (Mg)------- 34 25 20 16 9.0

Sodium (Na)---------- 230 34 21 8.4 4.0

Potassium (K)-------- 8.0 2.8 1.8 1.4 .8

Bicarbonate(HC03)--- 478 266 212 158 100

Sulfate (504)-------- 280 65 45 34 10

Chloride (C1)-------- 480 56 29 9.2 2.7

Fluoride (F)--------- .3 .1 .0 .0 .0

Nitrate (N03)-------- 17 2.3 .4 .0 .0

Dissolved solids 1,070 476 351 299 122
(residue at 180.C).

Hardness as CaC03---- 456 324 247 212 88

Specific conduct- 1,790 806 593 488 210
ance (Micromhos at

25.C)--------------

pH (units)----------- 8.1 7.7 7.8 7.3 6.5

Color (units)-------- 75 5 5 2 1
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only municipal wells 18dda1 and 18dda2arepumping,
the high chloride water will migrate toward the
municipal wells.

The principal source of mineralized water is
presumed to be abandoned or leaky deep wells.

Sources Of Water

Well F1 has been plugged and cannot be sampled,
but the chemical quality of its water should be
similar to that from wells F2 and F3' Partial
analyses of water samples from these two wells are
given below:

A graphical comparison of analyses of water
from well F2' wells 17 cbd and 17 cdb at Ashland
Chemical Co. and Absorbent Cotton Co., and Valley
Park municipal well no. 1 (fig. 18) shows the
similarity of the type of water from the deep well
and from wells 17 cbd and 17 cdb. The pattern for
Valley Park no. 1 well does not show the effect of
more mineralized water, but a tabulation of this
well's chloride data (tbl. 13) does show an increase
in chloride content beginning with samples collected
in December 1970. This indicates that more miner-
alized water was moving into this well at that time.

Water in alluvial deposits in the Times Beach
area, particularly in T. 44 N., has a higher dissolved-
solids content and is similar in chemical character to
that in the Valley Park area. The chloride content of
water from selected wells in the Times Beach area

Discharge measurements in the three-county
area indicate that the springs are small and quite
variable, reacting quickly to precipitation and having
little or no flow during dry weather. This variability
severely limits their economic significance because
most enterprises utilizing springflow require a stable,
dependable source. In fact, only one small commercial

is shown in table 14. These data show a considerable
range in concentration of chloride; however, public
supply well 44-4-32bdd is consistently high, probably
because the pumping of this well draws water with a
higher chloride content into the well. Areal variation
in chloride content for two periods are shown in
figure 19. Chloride values on these illustrations
indicate that the maximum concentration of chloride
shifts about midway from the bluffs to the river.
However, all of the water in this area is affected by
the intrusion of mineralized water. Water from well
44-4-31dca adjacent to the bluff has a higher chloride
content than that in wells just south of this area. For
the most part, the origin of the more mineralized
water in the Times Beach area is presumed to be
from an underlying bedrock formation. However,the
ways in which the more mineralized water reaches
the alluviumare not known.

SPRINGS

operation using springs (watercress production) exists
in the area at this time. As reported by Lutzen of
the MissouriGeologicalSurvey (oral commun., 1971)
some of the springs are affected by effluent from
septic tanks, lagoons, and sanitary landfills, making
them esthetically undesirable and further limiting
their small economic potential.

41

Dissolvedcomtituents are expressed in milligramsper liter

Magne- Bicar- Dissolved
Well Date Calcium sium Sodium bonate Sulfate Chloride solids

F2 6-4-68 465 190 2,380 257 280 4,640 9,210

F3 6-4-68 450 180 2,350 256 253 4,680 8,930
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SURFACE WATER

A tremendous surface-water resource is one of
the principal reasons for the continuing economic
growth and development of this three-county area.
The Mississippi,Missouriand MeramecRiversfurnish
water for most of the population and industries,
provide navigable waterways for commerce and rec-
reation, and are a means for disposal of industrial
wastes and sewage. The combined flow of the
Mississippiand Missouri Rivers at St. Louis averages
112,000 mgd and the Meramec River near Eureka
averages 1,930 mgd. Of the vast amount of available
surface water, an average of only about 1,120 mgd is
withdrawn ,forall uses.

It is quite evident that there is no shortage of
surface water suppliesfor the major users who can tap
the large rivers of the area. However, users who are
interested in smaller supplies from tributary streams
(those streams which originate in or have much of
their drainage basin in the project area) face more
difficult problems.The frequency data and interpreta-
tions presented in the remainder of this section of the
report can be used as a guide toward the optimum
utilization of these valuable resources. The informa-
tion used for surface water computations was
compiled from an extensive network of streamflow
data sites, as shown in figure 2.

Tab Ie 13

Chloride content of water from
selected wells in the Valley Park area, Mo.
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L........ ..................""'LCIo ......... ................

Well Number
44-5- 44-5- 44-5- 44-5-

Date 17cbd 17cdb 18dda 18dda2

7-22-69 249 --- 33 27

8-27-69 247 277 32 n

9-24-69 245 265 30 25

10- 24- 69 212 160 28 28

ll- 20- 69 248 200 25 25

12-18-69 245 210 28 18

1-28-70 262 208 32 24

2-27-70 286 186 46 22

3-27-70 322 _n 25 17

4-30-70 290 214 32 22

5-20-70 270 174 30 20

6-24-70 250 133 26 34

7-24-70 255 230 46 28

8-27-70 252 202 39 31

10-2-70 232 --- 49 23

12-3-70 152 302 65 33

1-29-71 152 278 82 36

3-3-71 162 242 75 30

4-5-71 152 258 87 34
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Figure18

Comparison of chemical analyses of water from 'Nell F2>Ashland Chemical Co. well, Absorbent Cotton Co. well,
and Valley Park municipal 'Nell no. 1.
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MISSISSIPPIAND MISSOURIRIVERS

The Mississippiand MissouriRivers are treated
separately in this report becausetheir flow character-
istics are significantly different from those of other
streams in the project area. They are the principal
reason for the present location of the City of St.
Louis and are increasingly important as national
arteries of commerce. Developments having large
water-supply or waste-dilution requirements naturally
tend to concentrate along these great rivers.

The Missouri River is almost completely
controlled by an extensive reservoir system in the
headwater areas. Summer flows are maintained at
levels which insure adequate depths for navigation
purposes, and the flooding potential has been greatly
reduced. The MississippiRiver, on the other hand, is
not significantly controlled at medium and high
stages above the confluence with the Missouri.
Navigation depths are maintained by a system of
locks and dams which alter mean and high flows very
little; thus, flooding is a more frequent problem on
this river.

In order to fully analyze the streamflow data
for the gagingstations on the two rivers, a complete
systems analysis of the basins upstream from the
stations would be required. This would involve the
development of flow-storage models of reservoirsand
channels and generation of natural-flow data for
model input. These procedures are beyond the scope
of this study because of their cost and complexity
aM must be deferred until methodology isdeveloped.
However, the available statistical and flow variability
data are relevant to many current and future studies;
these data are presented in appendix 3.

DURATION OF FLOWS

The slope and shape of the flow duration curve
indicate the variability of streamflow and hydrologic
characteristics of a drainage basin, thus providing an
excellent comparison of the flow characteristics of
streams (fig. 20). A curve with steep slope denotes a
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Table 14

Chloride content of water from selected wells in the Times Beach area, Mo.

basin where flow ismostly from direct runoff whereas
a curve with flat slope denotes a basin with large
surface or groundwater storage.

The curves offigure 20 are indicativeof the two
types of tributary streams found in the three-county
area. The Cuivre River curve represents a highly
variable stream which derives much of its flow from
direct runoff. This curve is characteristic of all
curves plotted for small tributary streams in St.
Charles, St. Louis and northern Jefferson Counties.
The Big River curve is characteristic of the large

Major floods have occurred during all months
in the St. Louis area, but are most common in the
spring and summer. VVhileheavy general spring rains
cause most of the floods, some of the greateSt

46

tributary streams and the small, but well-sustained
streams in southern Jefferson County.

The flow-duration data presented in table 15
may be considered representative of the future
distribution of flows at the gaging sites, provided
there are no significant future man-made develop-
ments. In many basins in the St. louis area,
developments.arealready planned that will completely
alter the duration data presented in this report.
However, these data may be valuable as a reconnais-
sance tool to locate areas that are desirable for future
developments.

FLOODS

floods on record have occurred in the summer
(tbl. 16). This is due to intense local thunderstorms
that cause flash-flood conditions on small tributary
streams and consequently affect the larger streams.

UIoI&.L.L.L .«- '11;:'" ....&....0::

Well Number
Date 44-4-30c1cc 44-4-31dc.a 44-4-32bdd 44-4-32cdb 44-4-32dbb 44-4-32ddc

7-17-69 335 71 --- 131 493 ---

8- 25-69 310 72 413 130 590 323

9-24-69 309 72 395 230 555 220

10-22-69 320 65 370 320 498 145

11-19-69 320 70 380 425 430 132

12-16-69 295 70 355 465 408 115

1-29-70 304 78 352 485 362 110

2-27-70 300 74 358 505 360 100

3-27-70 340 76 336 476 362 91

4- 30-70 345 66 344 298 324 83

5-19-70 340 56 360 210 282 118

6-25-70 310 70 370 172 300 148

8- 28- 70 288 62 412 228 412 168

10-2-70 308 58 388 153 418 102

12-1-70 298 78 442 212 458 102

2-1-71 278 72 418 412 468 112

3-4-71 318 71 442 362 428 92

4- 5- 71 312 61 428 232 448 105

5-3-71 278 71 408 318 482 101

6-2-71 288 61 412 268 458 97



A tabulation of yearly flood peaks for streams
in the three-county area indicates the following
flood distribution pattern:

Size of Stream Months when floods
are most likely

Thousands of square miles (for
example: Mississippi and Missouri
Rivers) April through July

Hundreds of square miles (for
example: Big and Cuivre Rivers)

Less than 100 square miles (for
example: Plattin Creek, Murphy
Branch)

March through May

May and June

Detailed flood data (such as flood profiles) for
specific streams are not shown in this report. These

Sources Of Water

data have been previously published and are available
from the followingsources:

1. Flood inundation maps and flood profiles
are available in publications of the U.S. Corps of
Engineers (1964, 1965, 1966) for the following
streams in Jefferson and St. LouisCounties:

In Jefferson County - Bourne, Dry, Glaize,
Heads, Joachim, Plattin, Rock, Saline, and
Sandy Creeks; Big, Meramec, and Mississippi
Rivers.

In western St. Louis County - Meramec
River, Brush and Fox Creeks in the vicinity of
Pacific.

Searcy and others
flood profiles for
Meramec Rivers.

(1952) also presented selected
the Mississippi, Missouri, and

Table 15

Flow-duration data for
continuous-record stations on tributary streams
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"..........._.._...___..__ ____.......a.___ _............_... ..- . --

Flow, in cfs. which was exceeded for indicated percentage
of time

Percentage of Cuivre River Big River near Big River at Meramec River

time during near Troy De So to Byrnesvi11e near Eureka

period of record (No.1) (No. 42) (No. 50) (No. 52)

99.5 0.2 39 51 265

99 .3 44 59 290

98 .9 52 67 330

95 2.3 65 84 405

90 5.0 82 106 490

80 13 III 145 640

70 25 145 188 800

60 45 182 240 1.000

50 78 235 312 1,300

40 130 305 425 1,700

30 235 425 598 2,400

20 460 640 900 3,650

10 1,760 1.180 1.650 6.700

5 2.530 2.050 2,950 11,500

2 5,880 4,500 5.980 20.000

1 9.100 6.900 9.630 28,000

0.1 21,000 16.000 18,000 55.000



WATER RESOURCES OF THE ST. LOUIS AREA, MISSOURI

10

5

-1
~-

-
u, _

I _I

~ -' ~ -

'~-.. -"~ I I

t -.\- 1 1 _
'~ I I

~/I

\~~ =
.~ '-'" ,_

-" '-
-

- ...1 ~

- -' ..:t:. _
~I- ~ ~

y 1 _~

c:. , _I I

I~ ...

' 1 ,
I 1 - I , ." ~ 1

I I 1'''-", I
I I

II~~ '" _l' ~ _

,J 1 0 ~.." ~
" .. - '....

~ ....

I
., 1 II' '

] -,- 1 1 ,

I \ L LL _JIl .L J.J..L J..LII 1 1. J. ~ 1.

o
z
o
o o.so
IJJ
U)

a::
IJJ
~

I-
IJJ
IJJ
11...

o
m
::>
o
Z 0.10

~

IJJ
(!)
a::
«
::J:o.os
o
U)
o

0.01
0.1 0.2 o.s I 2 --S 10 20 30 40 50 60 70 80 90 95 98 99 99.5 99.899.9 99.99

PERCENTAGE OF TIME FLOW WAS EQUALED OR EXCEEDED

Figure20
Duration curves of Big and CuivreRiversarf!indicative of the differences
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2. The outstanding Jefferson County flood
of June 1964 has been documented in a report by
Peterson (1965). Flood-frequency and profile data
are presented for Plattin and Isle du Bois Creeks.

3. The estimated 100-year flood stages for the
Mississippiand Missouri Rivershave been delineated
for St. Louis and St. Charles'Counties on 7%-minute
topographic maps which are available from the
District Chief, U.S. GeologicalSurvey, P.O. Box 340,
Rolla, Mo.,65401. Indirect flood-peak determinations
on Gravois, Fox, and Sandy Creeks in St. Louis and

Sources Of Water

Jefferson Counties, plus peak-stage data on a number
of small Jefferson County streams, are also available
from this source.

4. The U.S. Geological Survey, in cooperation
with the Metropolitan St. Louis Sewer District, is
conducting a study of flood characteristics in five
small drainage basins in the metropolitan area.
Reports on several of the basins, showing stage and
inundation data are now available (Spencer and
Hauth, 1968; Hauth and Spencer, 1969, 1971;
Spencer, 1971).

MAGNITUDE AND FREQUENCY OF FLOODS

The proper design and location of drainage
structures and water facilities depend to some degree
on information about the magnitude and frequency
of flooding. These data are also important in flood-
plain zoning and other related activities. In the St.
Louis area, flood problems will probably become

Table 16

more severe on the tributary streams as industrial
and domesticdevelop'menton the floodplains becomes
more intense.

The basic tool used in the analysis of floods
for this report ISthe gaging-station flood-frequency

Summary of maximum recorded floods and stages

11 Did not necessarily occur at same time as maximum discharge.

1/ Arbitrary datum.

11 Inflow between Hermann and the mouth of the Missouri River is insignificant.
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Maximum

gage
Drainage Date of height.Y

Map No. Station name area maximum (ft above mean Discharge
(FiR. 2) I(sa mi) dischar2e sea level) (cfs)

1 Cuivre River near Troy 903 Oct. 5, 1941 483.7 120,000

18 Mississippi River at Alton 171,500 Apr. 29, 1973 432.1 535,000

tside study area] Missouri River at Hermann1 528,200 Jun. 1844 517.0 892,000

34 Mississippi River at St. Louis 701,000 Jun. 27,1844 423.17 ,300,000

42 Big River near De Soto 718 Aug. 1915 568.2 70,500

50 Big River at Byrnesville 917 Aug. 1915 463.9 80,000

52 Meramec River near Eureka 3,788 Aug. 22, 1915 446.4 175,000

77 Plattin Creek near Crystal City 83.4 Jun. 17, 1964 1/24.06 30,100

80 Isle du Bois Creek near 16.4 Jun. 17, 1964 1/31.08 28,400
Ste. Genevieve
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Figure 21

Flood-frequency curves for tributary streams in the St. Louis area.

curve. Examples of these curves for some of the
large tributary streams in the St. Louis area are
shown in figure 21. Flood-peak dischargesat selected
recurrence intervals from the station flood-frequency
curves are shown in table 17 for selected stations.
All flood-frequency curves were prepared using
methods described by the U.S. Water Resources
Council(1967).

Skelton and Homyk (1970) presented flood-
frequency equations applicable to ungaged rural

basins in each of Missouri's physiographic regions.
Data used in computation of the equations are
derived from the gaging-station frequency curves
and represent an average of the flood experiences
for different-size drainage areas in the region.

An analysis of residual errors (actual values
divided by computed values) was made to determine
the usefulness of the equations in the St. Louisarea.
Residuals were computed and plotted on maps to
determine if any geographic patterns existed in the
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Table 17

Flood-frequency data at selected continuous and partial-record statiops

11See Appendix 3 for low-flow, flood-volume, and flow-duration data.

~I Stream is significantly affected by urbanization.

study area. The resulting plots showed a random

distribution pattern, and the equations are thus

considered valid in the St. Louis area.

The grouping of the equations according to size

of upstream drainage area and physiographic region

was found to be the most meaningful method of

presenting the data for two reasons: (a) the con-

siderable variation in risks among regions and drainage-

area sizes (as shown by the standard error of estimate)

can be better defined and, (b) the effeCtive indepen-

dent variables remaining in the final regression

equations are indicativeof basin characteristicsmost

significant in each region for each drainage-area

class.

There are two limitations that must be con-

sidered before using the equations. First,appropriate

adjustments to the equations must be made to

account for increased storm runoff during and after

urbanization (see the following section, "Effects of

Urbanization on Storm Runoff" for a discussion of

these adjustments). Secondly, the equations are

based on data from rural Missouri streams and

thus do not apply to the Mississippiand Missouri

Rivers.

Tables 18 and 19 present the flood-frequency

equations which are applicable to rural basins in the

Dissected Till Plains and Ozarks portions of the

study area (fig.1). In the case of streams that cross

the Ozarks-Plains boundary, a weighted average

(based on drainage area) of results from both Plains

and Ozarks equations should be used.

Drainage basin dlaracteristicsare defined for

the equations as follows:

1. Drainage area, A, in square miles, was

determined from most recent U.S. Geological Survey

topographic maps.

2. Maifl-channel slope, S, in feet per mile, was

determined from altitudes at points 10 percent and 85

percent of the distance along the channel from the

gaging station to the divide. This index was described

and used by Benson (1962, 1964).

3. Mean basin altitude, E, in feet above mean
sea. level, was measured on 1:62,500 - and 1:24,000-
scale U.S. Geological Survey topographic maps for
small drainage basins and on 1:250,OOO-scaleArmy
Map Service maps for large basins. The altitude was
computed by laying a grid over the map, determining
the altitude at each grid intersection, and averaging
these altitudes. The grid spacing was selected to give
at least 20 intersections within the basin boundary.

4. The maximum 24-hour rainfall, 124,2, in
indles, having a recurrence interval of 2 years (2-year
24-hour rainfall) was determined for each basin from

51

Floodfrequency
Magnitudeof flood,in cfs,forindicated

recurrenceinterval. inyears
50Stationname analysis (sqmi) 2 5 10 25

CuivreRivernearTroy 1924-69 903 23,700 38,300 46,900 56,200 62,100

18 MississippiRiverat Alto1 1927-69 171,500 245,000 320,000 375,000 445,000 495,000

MissouriRiverat Hermann.Y 1929-69 528,200 250,000 390,000 490,000 620,000 720,000

32 ColdwaterCreeknesrSt. Louis,Y 1960-61, 43.6 3,100 4,600 6,000 8,200
1963-65,
1968-69

34 MississippiRiverat St. Louis1 1928-69 701,000 480,000 700,000 800,000 895,000 940,000

42 Big RivernesrDe Soto 1950-69 718 15,500 24,900 33,100 45,800 57,400

50 Big Riverat Byrnesville 1923-69 917 14,600 22,400 27,800 34,900 40,400

52 KeramecRivernearEureka 1922-69 3,788 34,000 55,000 69,600 88,700 103,000

78 Murphy BranchnesrCrystalCity 1955-68 0.44 135 280 430 720
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Table 18

Flood-frequency equations applicable to rural Dissected Till Plains basins

Exponents of basin characteristics
b3 b4 - b5

Mean
annual
ruoof f .

R

Standard
error

of
estimate
(percent)(inches)

38
28

33
29

35
34

40
41

43
2.06 41

Table 19
Flood-frequencyequations applicable to rural Ozark Plateaus basins

Model is Y=aAblSb2124,2b3Rb4

Exponents of basin characteristics

b2

Main-
channe1
slope,

S
(ft per mi)

0.27

.!/ For the St. Louis area, use a value of 3.5 for 124,2.

~/ Use this equation for drainage areas of 50 square miles or less.

~/ Use this equation for drainage areas greater than

U.S. Weather Bureau Technical Paper 40 (1961).
A value of 3.5 inches can be used throughout the
study area.

52

50 square miles.

5. Soil infiltration index. Si. in inches. was
determined for subbasins within the state by the
Soil Conservation Service (written commun,. 1970).

2-year,
Hain- Hean 24-hour SoUa

Drainage channe 1 basin rainfall. index,
Flow Regression area, slope, altitude 124,2 Si
characteristic. cODstant, A 5 E

Y a (sq lDi) (ft per 101) (ftxlO-3) (inches).!1 (inches)

2-year peak21 728 0.64 ---.. ---- ---- -0.93
2-year peatql 24.6 0.80 0.61

5-year peak21 1,540 0.64 ---- 1.29 ---- -0.85
5-year peakll 0.20 0.83 0.87 ---- 4.69 -1.03

lO-year peakll 1,890 0.65 ---- 1.52 ---- -0.74
10-year peak.I 0.19 0.81 0.83 ---.. 5.09 -1.07

25-year peakll 1,220 0.66 ---- 1.34
25-year peak11 0.20 0.76 0.73 ---- 5.62 -1.13

50-year peakll 35 1.00 0.95 2.68
50-year peak11 1.23 0.75 0.77

bl

Drainage
Flow Regression area,
Characteristic, constant, A

y a (sqmi)

2-year peak2/ 280x104 0.71
2-year peak/ 223 0.64

5-year peak/ 587xl03 0.70

5-year peak;!/ 405 0.63

lO-year peak/ 288x103 0.71

lO-year peak;!/ 585 0.62

25-year peak/ 9l6x102 0.80

25-year peak;!/ 840 0.61

50-year peak/ 935 0.80

50-year peak3/ 631 0.48

b3 b4-
2-year Mean
24-hour annual Standard
rainfall, runoff, error

124,2 R of
estimate

(inches).!/ (inches) (percent)

-7.16 ---- 57
29

-5.48 ---- 50
26

-4.69 ---- 50
28

-4.44 ---- 50
31

59
0.52 29



Weighted averages of these values were used for
each gaged drainage basin. Figure 23 shows the
values for the St. Louis area.

6. Mean annual runoff, R, in inches. was
determined from long-term gaging-station records in
eastern Missouri. Figure 24 illustrates the variation
in natural runoff for tributary streams in the St.
Louis area.
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For the three-county study area. definitive
ratios showing the effects of urbanization on storm
runoff will be available within three years as a result
of current urban-hydrology studies in cooperation
with the St. Louis Metropolitan Sewer District and
St. Louis County. Presently, however, there are
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Figure 22

Average annual precipitation, in inches, for the St. Louis area. Isohyets are based on 1931-60 data from
"" the National WeatherService - NOAA.
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Soil Infiltration index values,in Inches, for the St. Louis area.Dota furnished by the Soil ConservationService.
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inadequate hydrologic data to make precise evalua-
tions of the effects of increasing urbanization on
storm runoff.

For a generalizedmethod of estimating increases
in flood-peak discharge due to varying degrees of

Sources Of Water

urbanization in the study area, the reader is referred
to Gann (1971). The methodology presented in
that report will be useful to the design engineer
until more comprehensive and refined data are
available.
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Mean natural annual runoff, in inches, for tributary streamsin the St. Louis area.

55



WATER RESOURCES OF THEST. LOUIS AREA, MISSOURI

MEAN FLOWS

The variation in mean annual runoff in the
study area is shown in figure 24. The illustration
is based on the results of previous runoff studies of
unregulated rural basins, plus an anlaysis of long.term
gaging-station records in the vicinity of St. Louis.

The estimation of natural mean flow for
ungaged sites in the area can be made by using
figure 24. The accuracy of these estimates will be
sufficient for solution of the usual hydrologic
problems involvingmean flows; the most common of
these problems is the use of the data as a parameter

in the computation of reservoir storage requirements
(see subsequent section entitled "Augmentation of
Dependable Flows by Storage").

EFFECTS OF URBANIZATION
ON MEAN FLOWS

In most studies in the United States, it has been
observed that total runoff (amount of precipitation
that appears as streamflow) is increased by urbaniza-
tion. In Austin, Tex., annual runoff was increased
2.9 times in a watershed by a 21-percent-impervious
cover (Espey and others, 1966). James (1965)

Table 20

Low-flow frequency data at continuous and partial-record stations

I

!IStreaM 18 s1goUicantly affected by urbantzation. Natun,l low £lova 8ugG1eDted by outflow froaa sewage disposal plants and 1830008.
Low-flow estia8tes cannot be regarded as probability data, but are useful for cOlllp&rative purpoaes.
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Low-flow fE'e ueoc
Record Draluge Period Annual low flow, in eta, for indicated

Map no. u.sed in
ts:r:,

(doys) recurrence ioterva1 in -ars
'U'. 2' Station 08_ analysis 2 5 10 20 50

1 Cuivre River near Troy 1924-69 903 7 4.5 1.0 0.3 0.1 0
14 5.5 1.2 0.4 0.1 0
30 9.3 1.8 0.6 0.2 0.1
60 19 3.7 1.5 0.7 0.3
90 31 7.0 3.2 1.7 0.7

2 81& Creek near Moscow HU18 1962-64, ---- 7 0.2 ---- 0 ---- ----
1967

7 peruqueCreeknul' Wentzville 1942-43, ---- 7. 0.1 ---. I 0 ---- ----
1945-46
1948,
15J,
1962-63,
1967

14 . nardenne Creek nearWeldon Spriag 1942-43, ---- 7 0.1 ---- 0 ---- ---...
1945-46,
1948, 1953,
1961-63,
1967

22 FelDlAeOsageCreeknear WeldoD Sprlag 1961-63 J ---... 7 0.2 ---- 0 ---- ----
1967

28 Creve Coeur Creek at Creve Coeur 1961-64, ---- 7 0.3 ---- 0 ---- ----
1967

31 Colctvater Creek. at Show1tovn!1 1961-65 ---- 7 10 ---- 5 ---- ----
35 Cravois Creek. aear J::irk.voocl!1 1961-65, ---- 7 0.2 ---- 0 ---- ----

1967, 1969

42 Big River oear De $oto 1950-69 718 7 88 50 35 27 ----
14 100 58 42 30 ----
JO 115 68 48 35 ----
60 125 76 55 41 ----
90 155 95 70 52 ----

43 Big River aear R1chvood8 1942-43, ---- 7 89 ---- 44 ---- ----
1946-47.
1951,
1961-65,
1969

50 B18 River at Byroe8vUle 1923-69 917 7 96 62 50 41 32
14 110 68 53 44 34
30 120 80 64 50 37
60 140 95 74 58 44
90 170 110 88 70 50

52 Heramee Illver near Ell1'eka 1922-69 3,788 7 420 310 280 230 190
14 450 330 300 250 215
30 500 360 320 290 230
60 . 590 405 350 340 260
90 680 480 410 380 290

67 Joachi. Creek at tIe1aaUte 1961-65, 95.0 7 2.5 ---- 0.8 ---- ----
1967-69

73 Sandy Creek oear Pevely 1966-68 32.5 7 0 ---- 0 ---- ----

76 Pl«ttin Creek at plattin 1966-69 65.8 7 2. ---- 0.3 ---- ----
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Figure 25
Low-flow frequency curves for tributary streams in the St. Louis area.

estimated that the annual runoff from a completely
urbanized California stream basin was 2.3 times its
nat~ral volume. Crippen and Waananen (1969)
showed that, during years of normal precipitation,
the increase in annual runoff from partial urbanization

of a small California basin was about threefold.
These results are logical because one of the primary
controls on runoff is the basin infiltration characteris-
tics, and these are directly related to the percentage
of imperviousarea in a basin.
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Streamflow records on Coldwater Creek (about
6Q-percent urbanized with an estimated 20 percent of
the urbanized area impervious) represent the only
runoff data of any consequence collected on an
urbanized basin in the St. louis area. These data,
when adjusted for record length on the basis of
nearby long-time streamflow records, indicate that
the averageannual runoff from the basin is about 22
inches. This is approximately twice the average for
rural basins in the area (see fig. 24), A part of this
increase is due to the operation of sewage treatment
plants in the basin. Crippen and Waananen (1969)
stated that "Development. . . hasproduced a marked
increase in the total runoff. Such an Increase has
been noted in other studies, and is probably more

The utilization or development of a stream
depends, to sOmeextent, on its low-flowcharacteris-
tics as defined by low-flowfrequency data (table 20).
These data are the principal tool used by hydrologists
and planners to evaluate the low-flow potential of
streams.

For this report, low-flow frequency data were
computed by statistical methodsdescribed by Skelton
(1966). Examples of low-flow frequency curves
(fig. 25) are presented to indicate the variations
in low-flow characteristics of some major tributary
streams in the region. The Meramec and Big River
curves represent streams with high, well-sustained
base flows, while the CuivreRivercurve indicates that
this stream has a highly variable low flow that can
diminish rapidly during a severe drought.

Data from low-flow partial-record stations and
continuous-record stations with less than five annual
minimaare inadequate to define a low-flowfrequency
curve. These data were related to long-term gaging-
station data in the area, and the resulting graphical
regression was used to estimate the median annual
minimum 7-dayflows (7-day 02) and the 7-day
1o-year-recurrence-intervalflows shown in table 20.

Estimate_sof low-flowcharacteristics at ungaged
sites in the area can be made by using a method
described by Skelton (1970). Briefly, the method
involves measuring low flow at the site on different
recessions in several different years and graphically
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pronounced in the sem/~rld Califor.iiiaclimate than
in more humid regions."

Based on the studies in California and Texas,
plus the data from Coldwater Creek, it is recom-
mended that the mean flow of streams in ~e study
area, with urban development similar to that of
Coldwater Creek, be adjusted for urbanization effects
by multiplying the natural runoff chosen from
figure 24 by 1.5. If treatment plants are present in
the basin, the mean flow could be twice as high as
that shown on figure 24. Until more comprehensive
urban runoff data are available, recommendations
cannot be made for adjusting data from basins with
varyingdegreesof urbanization.

LOW FLOWS

relating these measurements to concurrent flows at
a nearby continuous-record station. In general, the
results obtained from these regressions will give
reliable estimates of median values (7-day 02) and
less reliableestimates of more extreme events.

As shown in figure 26 and table 20, there is
considerable variation in the values of the 7-day 02
for unregulated streams in the area. In general, the
7-day 02 for small unregulated tributary streams
ranges from 0 to 0.005 cfs per square mile in the
northern two-thirds of the area and from 0.02 to
0.05 cfs per square mile in the southern third of
Jefferson County. The 7-day 02 for the Meramecand
Big River basins is a relatively high 0.1 cfs per
square mile. However, data from Coldwater Creek
basin indicate that median low flows can be as
great as 0.3 cfs per square mile in basins where
sewage treatment plants are .operating, depending on
plant size, water-table condition, etc.

During 1967 and 1970, hydrologic data were
collected on many of the tributary streams in the
three-county area to determine low-flow gains or
losses and to observe the impact of various urban
developments on basinenvironment. Table 21 presents
the results of discharge and specific-conductance
measurements at various sites, plus observations
of the streams' appearances and other information-.
The reconnaissance data from 1967 is especially-
useful because it was made during a period of
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median low-flow conditions (7~ay Q2) over most of
the area. Thus the data in the table can be a valuable
guide concerning actual quantities of water available

in many of the area's small surface streams during a
specific drought. Water-quality information collected
during these investigationsis presented in appendix 4.
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The specific conductance readings and descrip-
tions of stream appearance in table 21 can be used to
identify many of the streams in the area that are

. affected by urbanization and have low flows of
inferior-quality water. For instance, the conductance
of Bonhomme Creek at Chesterfield (fig. 2, map
no. 26) was 500 micromhos and the water was
described as very murky, with foam on the surface.
Streamflow in undeveloped parts of the region was
clear at the time and natural conductances were
400 micromhos or less; thus Bonhomme Creek was
evidently affected by man's activities.

EFFECTS OF URBANIZATION
ON LOWFLOWS

Theoretically, urbanization will decrease the
low flows of streams because of decreased soil-
moisture storage, improvement of drainage, and

lowering of groundwater levels (Ringenoldus and
Bauer, written commun., 1966). James (1965) made
a model analysis of a California streamflow record
and found that the low flow of a completely
Uf"banizedbasin is about 0.7 of the natural value.

In the St. Louis area, however, low flows of
many small tributary streams having drainage areas
of less than 50 square miles are greatly augmented,
mostly by domestic effluents (figure26, area DJ.and
the net result is an increase in dry-weather flow. The
natural low flow of most of these streams is less
than 0.5 cfs (except in middle and southern Jefferson
County). Consequently, an influx of poor-quality
effluent, even though in small amounts, can seriously
degrade the flow of an entire stream. Studies by
Lutzen of the Missouri GeologicalSurvey and Water
Resources (written commui'l., 1970) in the Grand
Glaize, Fishpot and Romaine Creek basins, point
out specific examples of these effects.

AUGMENTATIONOF DEP~NDABLEFLOWSBY STORAGE

In the tributary basins of the three-county
study area, a lack of streams with natural sustained
low flows makes it necessaFYto consider storage
reservoirs when year-round surface-water supplies
are required. The impoundments will generally serve
a number of purposes such as recreation, low-flow
augmentation and flood control. One of the more
pressing problems involved in utilizing reservoirs in
these developing areas, aside from the high cost of
acquiring land, will be the pollution aspect of urban
runoff during storms. It has been shown by Sheaffer
and Zeizel (1966, p. 73) that the quality of initial
storm runoff for some streams in urban areas is
inferior to that of domestic sewage. Storage of this
water would not only result in excessive treatment
costs when the water is utilized, but would cause a
generally unpleasant reservoir environment. Spieker
(1970) stated that pollution loads may remai!1high in
sluggishstreams after severaldays of flooding because
of accumulated" sludge on the stream bottom and
release of untreated sewage into the stream. Further
analytical studies and continued management pro-
grams may be necessary in order to properly maintain
these urban reservoirs.

60

For water managers and planners, there are
some major points concerning impoundment of low
flows in the St. Louisarea that should be considered:

1. In almost all of the area, except for the
larger tributary streams such as the Meramec, Big,
and Cuivre Rivers, storage facilities are required to
insure a dependable surface-water supply.

2. In urbanized areas of small natural flows,
the quantity of low-flow may be adequate for some
uses because of augmentation from treatment plants,
sewers and septic tanks, but the quality of the
water is very poor and thus extensive treatment is
required prior to use.

3. Several miles of the lower reaches of many
tributary streams are affected by backwater from
the Mississippiand Missouri Rivers. In these ponded
areas, water can be pumped directly from the streams
with no need for impoundments to insure an adequate
water level. The most important consideration in
these reaches is, of course, the quality of the water:,
which may make it u~suitable for use without-
exteosive treatment.
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Table 21

Results of hydrologic reconnaissance on tributary streams
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Wee.r Air
Cooduct.aoce Di8aolved t.r- teaper-

-:;.:-O2 D::Ie!1
(. (Q

.ture
Statloa aa_ Loc:aUoa. Dot. 'c ....rtt.

2 'Ie Creek ....r T. 48 I.t L 1 Eo, at bridle 9-12-67 0.2 500 9.' 21 27 -

)to8CGW111118 011U.S. BJ.cbv8r 61 at
L1Deola-St. (had.. Count,.
U.., 4 81.1..aoutbof
HolleOW'KUla.

J c.tYnl U.,.r -.at' T. 48 M., I.. 2 It., 400feet '-12-67 Pooled 460 7.' 21 31 Appean to be oll
V-Udll. d0VD8tl'888 fr08 8OCIt.hof .Uck OD_tel'

Ita Creek, 4 at.... DOrth- .arfece below
eut of veatP'Ule, LiDeola- 80Utb of aLa Creek:
St. a..&rlea OouDty l1De. -..Id, above.

4 Qal.u U:wer..r IN\; He. 21, T. 48 I.. 9- 12-67 Pooled - - - - -
OldtbDroe I.. 2 E.. at fi8blD8:callp

3 .U.. eoutbveet of old
MDoroe,UDCola-St. Oaarl..
CouotyI....

, Crill",.U..r at ow T. 48I., L 2 I., at bdAls. 9-12..67 Poo'" - - - - --- ODState JUablMJ' 79 at Old

1IoGr08, L1DcoLa-St. alar....
Couaty UD8.

6 PUoque CrMIr. at SEk eK. 29, T. 47 M.t L 1 9-13-67 0 - - - - Scattered ehallow
Pori8tell B.. at brldse oa CouD.t1 pools In chanD.1.

BiabVa1T. O.S .U. 80Utbof
Fori8tell. St. Oaad.. 11-4:-70 4.4 460 10.S 7.0 4.0-..

7 (lVuq1Mereek..r SIlt He. 32. T. 47 II.. L 2 9-13-67 0 - - - - ShaUow(Ie.. thaa
¥8Dta.U1e B.. at brUce oa couoty 0.5 ft dieep) pool.

r08ll 2 ail.. aouthaaat of with DO flow. .....
¥eDt.vUle.St. <2Iarlea 11-4-70 14.4 450 10.5 7.S 4.0 OIl vater aurface
Count7' belowbridle.

I Peruq.... Creek...r SIJ MC. 33. '1'.47 If.. L 2 9-12-67 0 - - - - Pooled iD vicialty
1IeD.ta'f'ille B.. at brUle OQO.S. of brUle. ...

JU.&bva761. 2.5 ai.... 8OUth- ducenlble flOll'.

...t of Veota.Ula. St........._.
9 PeruqlM Creek...r SW\.ec. 13. T. 47 If.. 9-12-67 0 - - - - SUllOII' pool. with

O'...Uo8 L 2 I., at bridce oa DOflov. Oil fll.

Count7 htahva7 3 .ile. veat oa ...tel: upatre..
of O'r.UOD. St. O\arl.. froll bridle.
CouD.t7.

10 "CUllue ereek at 1'. 47.., L 3 B., at brWp 9-12-67 0 - - - - Pooled; DOdbcerniblt
0'...11ola OIl State BIa;bway 79, 0D8 ,'-.

aile DOrtbeut of O'PaUoa,
St. a.arle. Couat7. 11-4-70 U.9 480 9.J 7.0 1.0 -

11 DndeDD8CreekDear MY\;.ec 23, T. 46 If., 9-13-67 t'dcUe - - - - 1t08t17 8catured
..... IleUe I.. I I.. at bridle OD 1<:.0') pool.. tAl:se pUe.

Count7 B1&bva.7Z, 2 llilea of cna.abed 11_ OQ

DOrth of .... "'l1e. St. r1&ht Hale.below
<2Iarl.. CouDty. bridle.

12 u.ttle Dardeaae SW\ HC. 12. '1'. 46 If., 9-13-67 0 - - - - -__r L 11., at bridlp oa
... M..... CowItyJI1&bvayZ. 4 .U..

DOrthof 11_ ...Ue, St.
a.arlea County.

13 D8rd8DDe CI'eek IIE\..c. 21, T. 46ft.. 9-13-67 0.1 - - - - -
....r .... ...11.- L 2 I., at bridle oa

Coaa.ty JU&l8M7DD. 5 aile.
DOrdteaat of .... ",11e. 11-3-70 16.5 J60 10 9.0 6.0 -
St. O\ad... CouDt7.

14 Dud8DD8 Creek Dear T. 46 M., R. 3 B.. at 9-12-67 0.2 400 7.S 19 - Water clear
Weldoa Sprl.... bridle oa U.S. Htahway

40 .ad 61, 3 .Ue. DOrth-
veat of WeldODSpdDa.
St. a.arle. eount,..

lJ D8l'11eooe Creek ....r SV\ 1IeC. 16, T. 46 If., 9-12-67 0.2 ... 7.S 19 - -
WeLl_ spr.... L 3 E.. at bridCeOIl

CouDty Ktpvay 2 llil.. U-3-70 36.9 J40 10.3 9.0 6.0 -
DOrtb of Weldoa Spd.q.
St. Owrle. Count7.

16 o.rdeane Cr..k.t T. 47 N.. I.. 3 B., at bddge 9-12-67 0 - - - - Shallow poola rith
St. Peter. OD CouIIIt,. Htahvay C at St. DO flow.

Petera. St. a-arlea
County.

19 r__ O8&Ie cr"k T. 45 N.. L I B.. at bridle 9-13-67 0 370 6.S 20 2S Cl'eet bad ..tL7 dry
Mar r.- ONae OIl county road 2 .11e. (10 pool) (I.a pool) (iD pool) but .uttered pool.

northea.t of r.... 08age. CODtai.D.._11 U.b.
St. o..r'le. County. The are. ia conaldel

ably 8OI'e rualed fro
New Helle to thl..
poiDt thaD la other
aru. of the couaty
but the .urface
flow char.cteri.ticl
re..in the a.._.
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Table 21

Results of hydrologic reconnaissance on tributary streams--continued

62

Map no.
(Fig. 2 Station M:

20 Caluvay Fork near'
Nev Helle

21 Cd l.\I8Y Fork near
Defiance

22 F~ 08&&. ereek
near Weldon

Sprlna:

23 Wild Kora. Creek
near Centaur

24 BonhOt8le Creek near'
OIe8terfte 1d

2S Caullul Creek near
OIeatedteld

26 Bonh~ Creekat
Chenedleld

28 Creve CoWl' Creek
at Creve Coeur

29 Crave Coeur lAke
at Creve OoeUI'

30 Feefee Creekat
Creve Coeur

37 Fox Creek near

Eureb

Location

SE\ a.c. 34, T. 46 N.,
R. 1 E.. at bridge on

County HighwayF, I.S
.U.. southwest of New
Helle. St. a...rlea County.

T. 45 N., R. 2 I., at
bridgeon County Highway
F. L.S .Un aorthweat
of DelUDce, St. Olarlea
County.

T. 4S H.. I.. 2 E.. at bridge

on State Highway 94, one

.n. Dorth of Detuoc. and
7 .U.. aouthwest of Weldoa
Spr1n&.St. Oaarlea County.

T. 45 N.. R. 3 !.. .1' bridge
on Wildhorae Cr~k Itoad.
1 .U. eout.hve8:t. of Centaur.
St. Lout. County.

T. 4S N., R. 4 E., at bridge
on County Highva1OCt 2 .Ue
weat of Oteaterfield, St.

Louis County.

T. 45 H., 8.. 4 E., at bridge
on County HiChvay CC, 1. 5
Idleaaouthweatof

o.ut.rfield, St. Loui8
County.

T. 45 If., R.. 4 E., at bridge
on Olive St. Road at
Oteaterfield.St. Loui.
County

T. 46 N., I.. 5 E., at bridge
on Crne Coeur Idll road
1 .11e aouthveatof Creve
Coeur, St. Lou'" County.

T. 46 H., R. 50E., at Creve
Coeur. St. Loui8 County.

T. 46tr., R. 5 E., at bridge I 9-13-67
on Creve Coeur .ill road at

Creve Coeur. St. Louis

County.

T. 43 H., R. 3 I., at bridge

on U.S. Highway 66, 1.50
.ilea veat of Eureka, St.
LouisCount.y.

Date

9-13-67

9-13-67

9-13-67

9-13-67

9-13-67

6-15-57 1,482
(lD1iireet peak
flCIV .eaaure-

~~;~671 0

38 La Barque Creek INW\NW\:sec. 34, T. 43 H.,

1

9-30-53

near Byrneaville R. 3 I., at brLdge on
County Highway F, 2.5 .nea 9-15-61
northweat of Byrneaville,
Jefferaon County..

39 Tiff Creek near
Vallea Hinea
(tributary to
Cole Lake)

40 Cole Lake n...r
Valles Hinea

40 Cole Lake
outflow

SW\SW\:aec. 11,
T. 38 N., R. 4 E., at
culvert on county road
4 .ilea80uthveat of
Vallea "ines, Jeffenon
County.

SEUE\: aec. 10. T. 38 N.,
R. 4 E., 4 ..ilea aouth-
veat of Vallea Hinea,
Jeffenon County.

5E\SE\: aec. 10, T. 38 N.,
R. 4 E., 4 l1111e8south-
weat of Vallea Hinea,
Jefferson County.

9-15-67

9-15-67

o

Cooductance

Di.Charse~/
1

(.Ic.r~8

(ef.) @ 25o.C)

0.3

0.6

Trickle
(<0.05)

Tric.kle
«.01)

1.4
(odgia of
.......-
ereek flow)

1.5

Trickle
«0.05)

0.3

.

o
O.S

o

0.1

- soo
(5E ahore

of lake)

soo
(in pool)

-

Di..olved

oxygen
("8/1)

-

490

490

440

-

S30

soo

6SO

-

-

-
340

-

80

240

Water
te8per-
ature
('C)

- . -

7.S 19 I 25

9 20 I 26

S 21 I 28

- . -

8 18 I 2S

11 23 I 31

- 21 I_

- 23 I-
(5E shore

of lake)

- -

- . -

- 20

(in pool)

- -
8.S 20

- -

Sto9_5 I 23

- 19

Air
t r-
at.ur.
('C) Ileurka

-

Ninet.y-five percent 0
the flow origiDatea
iD a s..U draia

eateriag t.he creek
50 feet below a fonl

On county road in
SW\ sec.. 16, T..45 N.,
R..2 It.. Drain ia

choked with waterereas

with vater te.-perature
of lS.c and conduct
anceof 490.

-

Water clear

laolated. pooh,
virt.uaUyno flov.o

S..U .pring (0.1 da)
SO feet. upatr...

fro. bridge has

tMperatura of
13.C and conduetanc,
of 600 .tCro.h08.

Sewage lagooa and

larserspdng Iog,ted
in headwat.era of this
creek.

Vater very 8Irky
1n appearancevith
foa. on surface.

-

poa. floating OD

surface. water

dirty and fuU of
debria.

- Outflow fro. Creve
Coeur Lake.

-

180lated large, deep,
clear pool8 are
full of .inn0W8.

- St.. Petera sandstone
outcrops along t.he
atrea8.-

-

23 Sa.ples takeD.

S_11 880unts of
watel'cress pl'esent
in channel. May be
part spring and
part seepage from
lake.
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Results of hydrologic reconnaissance on tributary streams--continued
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Water Ai.
Conductance Db.alved temper- t_laper..

';;t.; Stationoalte Location Date Di8::ge!1
(.c.

(:mn
e

!(:re R8urka

41 Unna88d creek. NEt sec. 10, T. 38 II.. 9-15-67 0 - - - - -

Dear Vall.a R. 4 £.. at bridge on
Hin.. County Highv.,. E. J\

.U.. southwest of

Vall.s Hlo.8, .Jefferson
eounty.

44 Dry Creek near NWl sec. 14, T. 40 N.. 9-15-67 Trickle - - - - -
Ware L 3 E.. at bridge on «0.02)

County H1&hva" Y, 1.5
.U.8 south of Ware.
Jeffenon County.

4S Dry CreekDear NW\;sec. 26, T. 41 II.. 9-15-67 0 - - - - -
HoneRill L 3 E.. at bridge oa.

couaty road 1 aUe
southwest of Mone Hill,
.Jeffenon County.

46 Be lev8 Creek DU.r s.c. 17, T. 41 II., 9-15-67 0 - - - - -
Hill.bora I.. 4 E., at ford on

county road. 4.S .U..
northwestof HUbbaro,
JeffenOD County.

47 Iftflov to Lake W\: sec. 10 .od swt 9-15-67 0 - - - - -
Ti8bo.loao sec. 3. T. 41 N., R. 4 E.,

on county rO&d S.S .U.a
DOrthof Rll18boro.
JeffenonCounty.

48 UnnaIMd creekDear NEtsec. 4, T. 41 H.. 9-15-67 0 - - - - -
H1118boro 1..4 E., at ford 00.

county road 6 _iles
north of Hillsboro,
.Jefferaon County.

49 Belev8 Creek SEt sec. 31, T. 42 M., 9-15-67 0.5 320 8 20 24 -
trlbuury near I.. 4 E., at bridge on
Cedar Hill County HighwayBB, 2.5
(outflov frOll ailes aoutheast of Cedar
La'" ....bo8iDso) Bill, .Jefferaon County.

51 Heads Creekat HE\:aec. 4, T. 42 N., 9-15-67 0 - - - - Dry atrea8bed witb

Hou8e Spriog8 I.. 4 E., at bridge on no pools.

State Hiahv8y 30 at
House Sprina8, .Jeffenon
County.

53 Carr Creek at HE\:; sec. 24. T. 44 N., 9-13-67 0 - - - - -
Gleneoe L 3 E.. at bridge onState

Hi&hway109 at Glencoe.
St. Louia CoUDty.

54 Keifer Creek oear NW\:;aec. 9,. T. 44 N., 9-13-67 0 - - - - -
EIU.vU1e I.. 4 E., at bridge on

COUDty road 1.5 ai1es
soutb of Bllbville,
St. Loui8 County.

55 tbaa..d apring HE\: aec. 15, T. 44 N.. 9-13-67 0.1 520 - 13 - ,l0V8 lntoKeifer

near Valley Park I.. 4 I.. at bridge on Creek.

county road 5 .Uea
ve8tof Valley Park,
St. Lou18 Count)'.

56 Unna.ed aprln& HE\:8ec. 16, T. 44 8., 9-13-67 <0.01 490 - 14 - ,10V8 iDto Sprln&

aear Valley Park R. 4 E., Dear county Branch Creek.

road3.5.Ue8 veat
of VaUey park, St.
LouisCounty.

57 F18hpot ereek W\ .ec. I, T. 44 H.. 9-13-67 0 - - - - -
at WlDchester I.. 4 B., at bridge on 6-16-70 0.5 380 - - - Flowd18appe.ara

county road at Win- about 400yards

cheater, St. 1.ou18 dovnatr.... Indi-

Count)'. cates "ODeof vate
loa... .

58 Grand G1aiae SE\:;aec. 4, T. 44 N.. 9-13-67 2.0 950 - - - 'aa. on aurface,
Creek near R.5 E., at bridle 00 6-16-70 8.3 650 - 2S J4 ."U8 of .ew..e

Iirkvood Dougherty Perry road 1.5 no fiab 8eeD.

.U.. ve8tof Kirkwood,
St. Loui. County.

60 ao-ine Creek E\ 8ec. 14. T. 43 II., 11-4-70 3.7 500 10 9.0 6.5 BlackprectpUaDt
at pauUu HUls I..5 I., at bridle on 011 bottOllof creek

State II1&bvay 141 at Sltabt 8ewage odor
Pau1ina 111118, .Jefferaon
County.

62- Hetta8e Creek HEt: .ec. 15, T. 43 If.. 9-14-67 2.4 750 I.S 20.5 23 Faaa on. aurface.

near 08.kvU1e I.. 6 E., at bridge on Affected by sewage

Old BaUll&artner Rpad, or plant elf luenC.
1.5 Idles veat of
Oakvill., St.Lou18
Count)'.
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Table 21

Results of hydrologic reconnaissance on tributary streams--continued

~I 1961 data were collected durif18 a period of ..dian low-flow concliUon8 (7-day Q2).

~, Continuous-record station.

64

Water Alr
Conduccance Db.ohed teooper- te8per-

:R2
D18cbars1 (.c.

(:en
e

Station na. Location Date ct. Re_rk8

63 B.ock Ct'eek at T. 42 M., R. 6 E., at 9-14-67 0.3 590 6 20 - -
KL-ewick. bC'idse on county

highway O.S .11e wen
of n..swick, Jefferson
County.

64 Culze Creek Dear T. 42 N., R.. 6 E.. at 9-14-61 0.8 500 . 21 - ttad bottoll with

Koh ler City bridge oncountyb1l:hva,
__11allOUDta

1. S _Uea nort.hwest of of gr.vel.

Kohler City, Jefferson
COunty.

.5 J08chi_ Creek On lLae between aeC8. 10 9-14-67 1.7 430 '.5 24.S 30

at De Sata aDd 11. T. 39 If., Il.. 4 E.,
at bridge aD COunty 11-5-70 14.9 460 10.6 7.0 6.5 -
BighvayB at DeSato,
Jefferson CouotJ.

.. Cotterereek SEt!;aec. 22, T. 40 N., 9-14-67 0 - - - A. few scattered

nearHiU.bora It.4 B. t at bridge on
poo18.

State Highway 2l, J .Uea
80uth ofHill.boro,
Jeffersoa County.

67 Joa<:hi. CT..k NW\ sec. 16, T. 40 II., 9-14-67 5.1 540 8.5 23 30 Water clear.

at He_Ute!' R. S B., at bridge on
Sa8plea taken.

couat:r hi&;hway at
He..tite, Jeffenoa 11-5-70 20.4 570 8.' 7.5 7.0

County.

6. LakeWauvanoka In aeca. 1 aad 2, T. 40 N., 9-14-61 outflow - - - - Eartb.fill da. vaa

near Killaboro R. 4 E., 2 .ilea __t of at da. - leakiog atthis
81llaboro, Jefferaon 0.' tiM. Lakev.a

County.
about 10 percent
full. Major
aourcea of vater
for this lake are
aeveral apri0g8
whicb.rge
near the da..

6. South Pork Little SI\' aec. 1, T. 40 ft., 9-14-67 1.8 340 . 23 30 Water clear. "'18

Creek near R.. S E., at bridge OD
atr.._ contei_

Hllbboro count:r road 2.5 .Uea
the outflow fr08

aoutheaat of HUlaboro,
lAke Wawaoolca.

Jefferaon County.

70 North Fork Little S\ aec.. 31, T. 41 H., 9-14-67 0 - - -

Creek Dear R. 5 E., at bridge OQ
HUlaboro couaty road 2.5 81lea

.aat of Hillaboro,
Jeffenon County.

71 Little Creek aear HE\. sec. S, T. 40 H., 9-14-67 2.5 3SO '.5 24 32 Water clear.

He-.Ute R. 5 E., at bridge on Sa8lples taken.

county road 2 .ileanorth
of ae.atite, Jefferaon
County.

72 Joachi.Creek NW\ aec. I, T. 40 H., 9-15-67 7.4 500 8 20. 19 -

near peatus R.. S E., at bridge on
County Higbva:r A, 1.5
_ilea veat. of Peatua,
JeffenoD County.

73 Sandy Creekat T. 41 H., R. S E., at. bridge 9-14-67 0.2 SSO . 21 - Sand-bottoe chaDnel.

Peve ly' on County Hi&hvay Z, 1
No rock outcropa

.Ue veat of Pcve ly,
via1ble.

Jefferaon County.

74 Joachi_ Creek T. 41 H., R. 6 E., at 9-14-67 ....ed - - Backwater f1'08

nearPevely bridge on U.S. Hi&hway
Miaaiaaippi

61, 1.5 .ilea.outbof
River.

Peve 1y, Jeffenoa Count:r.

75 WeatFork Plattin ME\NE\:aec.. 25, T. 39 H., 9-14-67 2.. 4SO 10 22 26 WAter clear.

Creek n_r Papin R. 5 E.. at. ford OQ
count}' road 3 .ileaeaat
of Papin, Jefferaoa.
County.

7. Plattin Creek T. 39 N., R. 6 E.. at 11.5-70 14.9 460 11.4 13.5 7.0 -

at PLattin bridge on county road
at Plattin, Jeffenon
Couot.y.

11 P1attin Creek T. 40 N., R. 6 E., at 9-14-67 4.' 460 9.5 21 23 Samplectaken.

nearCry8ta1 bridge on U.S. Highway
City 61, 3 .nea couth of

Cryata 1 City, Jeffenon
County.

80 tale du 8018 T. 39 N.. R.. 7 E., at 9-14-67 0 - - - - -

Creek near bridge on County Highway
Pectu8 'IT, 10 .i les southeaat.

of Pe.tue, Jefferaon
Countv.
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Table 22

Draft-stor~ frequency data at continuous and partial-record stations

~I rarc.t cb8nce of deficie:ocy iaclicate. the perceat. of year. 10 which. .t.orqe reaervolr of iBcHeat.ed capacit.y would bec088 e8pt.y.

~I A8ow1r:a of at.or... lut.ed ar. bydro1OSlcally fea81ble. the phyatcal U81tatiODll of the terreta he.. DOt.heeD...lyud.

Table 22 contains draft-storage frequency data
for gaging stations in the St. Louis area. These data
were computed by the mathematical technique of
Markov chain analysis called probability routing, as
described in a report by Skelton (1971).

Note that the frequency characteristics are
expressed as percent chance of deficiency. This value
indicates the percent of years in which a reservoirof
indicated capacity will become empty. It also can be
interpreted as the average chance of havingan empty
reservoir in any year over a long period of years.
HOlO/ever,this does not mean that a deficiency is
equally probable in each year, because a seriesof dry
years will decrease the amount of water stored and
increase the chance of deficiency in succeedingyears.

l)1e draft-storage data are useful primarily in
making preliminary estimates of potential develop-
ment and in comparing development possibilities
of different streams. However, for small, multi-
purpose reservoirs, the data may be adequate for
final design purposes.

Regional draft-storage curves for a 2-percent
chance of deficiency were developed from long-time
streamflow records in eastern Missouri and are
presented in figure 27. These curves can be used to
estimate storage requirements at ungaged sites or
gagingstations where records are short or inadequate.
The standard errors of estimate for the regional
curves were determined graphically and found to be
20 percent or less.

65

Dra 1'-.1'01:'
........, A8Dunt of at.orace (iD thousand. of acre-feet) for

Record DralAqe ...."". draft1'81'8 (iA cta) iDdlc.ted in coL.-. beadiaa8
ltap DO. ..... ,. .... of (not colt'rected for reservoir .".poratlon, ..dl-
(Fia. 2) Statton DAM anal,.l_ (841 .1) deflcleocy!,1 ..."taUoa. aad Mepage)bl

2$ ct. 140 cte 260cf. 380 cb SODcf8
. CUlvre River _I:' Troy 1924..69 903 2 15 .60 290 S40 1,100

5 10 75 180 300 .70
10 0 05 170 320 ...
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Regionaldraft-storagecurves for the St. Louis area.
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APPLICATIONOF REGIONAL
DRAFT~TORAGECURVES

In most cases, proposed reservoir sites are
located where long streamflow records are not
available. Therefore, the regional draft-storage curves
of figure 27 should be utilized in making estimates.
The following steps are necessary in makingestimates
of storage requirements at ungaged sites:

1. Determine the drainage area upstream from
the site, using the best available topographic map.

2. Determine average annual runoff for the
basin to the nearest inch from figure 24. Use the
center of the basin as the point of estimation.

3. Use the regional curves to estimate storage
requirements. The estimates will be somewhat con-
servative;the averagechance of the reservoirbecoming
empty in any year is 2 percent.

4. Where significant urbanization exists, the
storage requirements obtained from the regional
curves should be computed using adjusted values of
mean flows to account for the increased runoff
volumes from urbanized areas. Suggestions tor. these
adjustments are presented in the section "Effects of
Urbanizationon MeanFlows."

RESERVOIR LOSSES

For this report no adjustments have been made
to station data or regional curves for reservoir losses

Sources Of Water

due to evaporation, seepageor sedimentation.A
detailed discussion of regional adjustments to storage
requirements for these losses is presented by Skelton
(1968, p. 15-23). This information will be useful in
preliminary studies; however,a more detailed analysis
will be necessary at the reservoir site prior to
construction of major structures.

LIMITATIONS OF DATA

Before station data and regional draft-storage
curves are used in project planning, the following
limitations should be considered:

1. Regional curves and station data should not
be extrapolated beyond the limits shown.

2. Regional curvesare not applicable to streams
significantly regulated by reservoirsor to the Missis-
sippi and Missouri Rivers.

3. Regional curves should not be used for
drainage areas of less than one square mile.

4. In the Ozarks part of the study area (fig. 1),
field reconnaissance of potential reservoir sites is
necessary to avoid gross underestimation of storage
requirements. In this region, there is a possibility
that small basins and reaches of some streams may
have zones of significant water 10$SeSwhicto were
not discovered during hydrologic investigations of
the region (see table 21). Special studies would be
required to define storage requirements in water-loss
areas and to determine if reservoirs.are structurally
feasible.

QUALITYOF SURFACE WATER

The St. Louis area is nearly surrounded by
large streams. The Missouri River to the north, the
Mississippi River to the east, and the Meramec
River to the south make available an almost un-
limited supply of surface water. Many of the water-
supply and waste-disposal needs of the area are met
by these streams. Because of their large flow, these
streams are able to assimilate large amounts of
wastes. Uses of the water, however, are limited
when extensive and costly treatment is needed to
obtain the desired quality.

Municipal, industrial, agricultural and other
wastes entering streams anywhere in the north-<:entral

part of the United States influence the quality of
water in the Missouri and MississippiRivers in the
St. Louis area. Not all of man's activities, however,
have caused deterioration of the quality of water in
these rivers. For instance, impoundments on the
MissouriRiver main stem and tributaries over the past
20 years have resulted in a significant decrease in
turbidity, an undesirable characteristic of Missouri
River water.

The map of the study area, figure 2, includes
locations of U.S. Geological Survey stream-sampling
sites and water plants which are the source of data
for this report.
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Relation between discharge and chemical and physical characteristics of water from the Missouri River

at Howard Bend Plant near St. Louis, Mo., 1969-70.
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MISSOURI RIVER

Water in the Missouri River near St. Louis is

moderately mineralized. The predominant chemical
constituents are calcium, magnesium, sodium, bicar-
bonate and sulfate. Variations in dissolved-solids
content are primarily caused by variations in the
amounts of theseconstituents. Although a downward
trend in turbidity has been observed in recent years,
turbidity is still relatively high, and the water must be
treated for most uses.Generally, the water is hard and
this undesirable characteristic contributes to the need

for treatment befo~euse.

Daily changesin selectedchemical and physical
characteristics at the City of St. LouIs Howard
Bend Water Plant (fig. 2, map no. 27) are related to
the discharge record from the gageat Hermann, Mo.,
for the 1970 water year in figure 28. Water temper-
ature varied from 0.0 degreesCelsius (centigrade) in
January and February to 29.00C in July and August.
Turbidity variedfrom 20 JTU (Jacksonturbidity units)
in January to 2,400 JTU in May with a median for
the year of 135. Turbidity fluctuates rather Closely
with streamflow; therefore, turbidity is generally
lower during winter when streamflow is low and
higher during the spring and summer when stream-

flow is high. Alkalinity and hardness as CaC03
ranges from 76 and 89 mg/l respectively during the
high water in October to high values of 243 and
303 mg/l in January.

Table 23

Sources Of Water

Alkalinity and hardness vary inversely with
streamflow and generally have higher values in the
winter.

Ranges in chemical and physical characteristics
of daily samples collected at Howard Bend for the
20-year period 1951-70 are summarized in table
23. During this period the average concentration of
dissolved solids was 382 mg/l as compared to 365
mgIJ reported for the 10-yearperiod 194049 (Searcy,
Baker and Durum, 1952).

Average monthly characteristics for the 20-year
period, figure 29, include temperature variations
from 2.00C in January to 27.00C in July. The
long-term relationship in this figure follows the
short-termrelationshipin figure28. Dissolvedsolids,
alkalinity and hardnesswere lowest in the summer
when streamflow was high and highest during the
winter when streamflow was low.

Annual averageturbidity and annual average
discharge for the period 1951-70 are plotted in
figure 30. Turbidity decreased from an average of
1,002JTU for the 5-yearperiod 1951-55to 361 for
1966-70. Dischargeaveragedthe same for both
periods, 77,000 cfs. Turbidity averaged 694 JTU
for the 20-year period 1951-70, as compared to
1,670 JTU for the 10-year period 194049 (Searcy,
Bak.erand Durum, 1952).

The double-mass curves in figure 31 show a
decrease in turbidity and sediment, with the most

Selected chemical and physical characteristics of water from the

Missouri River at Howard Bend Plant near St. Louis, Mo., 1951-70

~nalyses by City of St. Loui~
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Characteristics Minimum Mean Maximum

Temperature (OC)__________ ° 14.5 31.0

pH------------------------ 7.5 8.1 9.6

Alkalinity as CaC03 (mg/l) 53 150 294

Hardness as CaC03 (mg/l) 83 206 366

Turbidity(JTU)----------- 5 694 12,000
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Figure 29
A veragemonthly chemical and physical characteristicsof water from the MissouriRiver

at Howard Bend Plantnear St. Louis, Mo., 1951-70.
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Annual average turbidity and discharge of the Missouri River at Howard Bend Plant near St. Louis, Mo., 1951-70.
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Figure 31 .

Double-mass curve of turbidity and sediment versus discharge for the Missouri River
at Howard Bend Plant near St. Louis, Mo., 1951-70.



Sources Of Water

Table 24

Selected chemical and physical characteristics of water

from the Mississippi River at Alton, Ill., 1970

~nalyses by Alton Water Co~

Characteristic Minimum MaximumMedian

Temperature (OC) 0

pH 7.7

Alkalinity as CaC03 (mg/l) 87

Hardness as CaC03 (mg/l) 118

Turbidity (JTU) 12

12.5 29.5

8.1 8.6

168 205

235 304

40 875

significant change occurring about 1966. The sediment

record was collected at Hermann, Mo., by the U.S.

Army Corps of Engineers, Kansas City District.

Federal impoundments constructed on the Missouri

River's main stem and tributaries (numbering about

50) and control structures on the Missouri River are

apparently responsible for the decrease in turbidity

and sediment. However, the actual effectiveness of

the impoundments for sediment removal is difficult

to evaluate because of the inexact relationship of

sediment to streamflow. Jordan (1968) attempted to

separate the effects of streamflow from those of the

impoundments. The results were based on data for

years priorto 1964 and indicated that impoundments
caused a 25- to 3Q-percentreductionin sediment
discharge for the Missouri River at Kansas City. The
influence would be less for stations downstream from
Kansas City because of fewer impoundments down-
stream. More impoundments have been completed
since Jordan's analysis and apparently have caused
further decrease in sediment discharge. As more
impoundments are constructed, especially in the
uncontrolled sediment-laden tributaries downstream
from Kansas City, sediment and turbidity should
continue to decrease in the St. Louisarea.

Appendix 5 is a compilation ofannual average
values of several water-quality characteristics of the
Missouri River at the City of St. Louis Howard
Bend Water Plant for the period April 1951 to March
1970. Total coliform bacteria averaged about 5,900

col/100 ml (colonies per 100 milliliters) for the first
5 years and about 14,000 col/100 ml for the last
5 years of the period.

MISSISSIPPIRIVER

UPSTREAM FROM THE MISSOURI RIVER

Mississippi River water at the Alton Water Plant

(fig. 2, map no. 17), about 9 miles upstream from
the mouth of the Missouri River, is generally of good
quality and suitable for most uses. The water, which
is moderately mineralized, is a calcium-bicarbonate
type and contains significant amounts of magnesium
and sulfate in the dissolvedsolids. Although turbidity
is relatively low upstream from the Missouri River,
the water is very hard and some treatment such as
softening would be desirable for municipal and some
industrial uses.

The relation between dischargeand some water-
quality characteristics at Alton are illustrated in
figure 32 for the 1970 water year. Turbidity reached
undesirable levels only a few times during the high
streamflow of springand fall.

Ranges in chemical and physical characteristics
of daily samples collected during the 1970 water year
are listed in table 24.

Total coliform bacteria counts made by the
Alton Water Company on 26 samples collected from
September to December 1970 ranged from 2,000 to
64,000, with a median of 11,000 col/100 ml.
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Figure 32

Relation between dischargeand chemical and physical characteristicsof MississippiRiver at Alton, III., 1969-70.
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Sources Of Water

Table 25

Selected chemical and physical characteristics of water from the

Mississippi River at Ghain of Rocks plant in St. Louis, Mo., 1951-70

~nalyses by City of St. Loui~

DOWNSTREAM FROM THE MISSOURI RIVER

Inflow from the Missouri River during periods
of low flow does not mix completely for several
miles downstream. As a result, water-quality records
at the Chain of Rocks Water Plant (fig. 2, map no.
33), about 5 miles downstream from the confluence
with the Missouri, are indicative of Missouri River
inflow. The water on the opposite (east) side of the
river is about the same quality as water in the
Mississippi River upstream from the confluence.

Daily variations of selected characteristics of
Mississippi River water at Chain of Rocks for the
1970 water year are illustrated in figure 33. Temper-
ature ranged from O.OoCin January to 29.50C in
July and August. Alkalinity as CaC03 varied from
83 mg/I in September and October to 241 mg/I in
January. Hardness as CaC03 ranged from 105 mg/I
in October to 296 mg/I in January. Turbidity varied
from 10 JTU in January to 4,000 JTU in May. The
median turbidity was 160 JTU, as compared to a
median of 40 JTU for the same period at Alton.
Inflow from the Missouri River is responsible for the
increased turbidity in the Mississippi, especially
during periods of high flow in the Missouri River.

Ranges in chemical and physical characteristics
of daily samples at Chain of Rocks are summarized
in table 25 for the 20-year period October 1950 to
September 1970. The averagedissolved-solidscontent
for the period was 373 mgll. This compares to an
average of 340 mgll for the 10-year period 1940-49

(Searcy, Baker and Durum, 1952). The dissolved
solids are primarily composed of bicarbonates and
sulfates of calcium and sodium.

Averagemonthly water temperature, figure 34,
ranged from 2.00C for January to 26.50C for
August. Dissolvedsolids,alkalinity and hardness were
lowest in the summer when streamflow was high
and highest during the winter when streamflow was
low.

As shown in figure 35 annual averagedischarge
was relatively uniform for the period 1951-70, while
turbidity dropped from an averageof 880 JTU for the
first 5 years to an average of 355 JTU for the last
5 years of the period.

Double-mass curves of turbidity and sediment
versus streamflow are plotted in figure 36 for the
years 1951-70. A decided break in-slope is noted
about 1966, which indicates a significant decrease in
turbidity and sediment since that time. This decrease
was caused mainly by the completion of control
structures in the upper Missouri River basin, as
described in the previous section on the Missouri
River.

Annual average values of several characteristics
of MississippiRiver water at Chain of Rocks for the
period April 1951 to March 1970 are compiled in
appendix 6. The bacteria data indicate that total
coliform bacteria counts averagedabout 9,500 col/100
ml for the years 1951-55, and about 27,000 col/1oo
ml for the years 1966-70.
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Characteristic Minimum Mean Maximum

Temperature (oG)__________ 0 14.5 32.0

pH------------------------ 7.2 8.0 9.0

Alkalinity as GaG03 (mg/l) 72 147 290

Hardness as GaG03 (mg/l) 89 204 323

Turbidity(JlU)----------- 8 608 6,000
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Figure 33
Relation between dischargeand chemical and physical characteristicsof MississippiRiver water

at Chainof Rocks Plant in St. Louis, Mo:, 1969-70..
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A veragemonthly chemical and physical characteristicsof the MississippiRiver water
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78

J!?
z

>-
f::
0
CD 9000:::

I-

Z 800
0
00

700
J

600

0
500CD

0:::

I-
400

300

200

100



TRIBUTARY STREAMS

Sources Of Water

Streams tributary to the Missouri and Mississippi
Rivers in the St. Louis area represent a small part of

the total volume of surface water available to that
area. However, distribution of the smaller streams
throughout the three counties makes them important.
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Double-moss curve of turbidity and sediment versus discharge for the Mississippi River
at Chain of Rocks Plant In St. Louis, Mo., 1951-70.
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WA TER RESOURCES OF THE ST. LOUIS AREA, MISSOURI

The largest of the tributary streams are the
Meramec River and the Big River, which flows into
the Meramec.

The U.S. Geological Survey has a monthly
sampling station at the -gagingstation on the Big
River near De Sato, Mo. (fig. 2, map no. 42). Data
covering some of the more important water-quality
characteristics for the period 1966-70are summarized
in table 26. Water in the Big River is a calcium-
magnesium-bicarbonatetype.

Fecal coliform bacteria counts for the Big
River ranged from 1 to 13,000 co1/100 ml, with a
median of about 70 for the monthly samples
collected during the 1970 water year. Fecal strepto-
cocci varied from 12 to 45,000, with a median of
about 140 col/1oo ml. Fecal coliform to fecal
streptococci ratios for individual samples averaged
about 0.5, indicating that the pollution was derived
predominantly from animal wastes.

The Meramec River flows into the Mississippi
River south of St. Louis, about 34 milesdownstream
from the mouth of the Missouri River. Records of
discharge are given for the gagingstation at Eureka,

Mo., about 35 miles upstream from the mouth (fig.
2, map no. 52).

Suspended-sedimentdischargesfor the Meramec
River at Eureka, Mo., from February 1969 to
September 1970, ranged from 17 to 175,000 tons
per day and averaged 2,680 tons per day. Daily
sediment concentrations varied from 19 to 1,430
mg/l and averaged 147 mg/l. Sediment loads and
concentrations were affected at times during the
period by highway construction activities upstream
from the sampling site. The stream is normally
clear and transports relatively small amounts of
sediment. Most of the sediment discharge occurs
during short periods of high streamflow.

The St. LouisCounty Water Company furnished
data for the MeramecRiverat Fenton, Mo., about 16
miles upstream from the mouth (fig. 2, map no. 59).
Some of the characteristics for daily samples collected
during the period 1966-70 are summarized in table
27. The average hardness of 166 mg/l indiCatesthat
the water is hard. Turbidity is normally low in the
Meramec River and not a problem for most uses.
Monthly variations are shown in figure 37. A com-
pilation of annual average values of several of the

Table 26

Selected chemical and physical characteristics of

water from the Big River near De Soto, Mo., 1966-70
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Characteristic Minimum Median Maximum

Temperature (OC)__________ 0 14.0 28.0

pH------------------------ 7.4 8.1 8.5

Allinity as CaC03(mg/l) 92 211 246

Hardness as CaC03(mg/l) 110 245 296

Dissolvedsolids (mg/l)--- 144 271 342

Turbidity (JTU)----------- 0 6 300.



Sources Of Water

more important water-quality dlaracteristics of the
Meramec River at Fenton, Mo., for the period
January 1966 to December 1970, are listed in
table 28. Meramec River water is also a calcium-
magnesium-bicarbonatetype.

Hills, Mo., about 10 miles upstream from the mouth
(fig. 2, map no. 61). Dissolvedsolids, hardness and
alkalinity duration curves for the period August 1963
to September 1970 are shown in figure 38. The
median value, that which was equaled or exceeded
50 percent of the time, was 208 mg/l for dissolved
solids, 176 mg/l as Cacoa for hardness, and 160
mg/l as CaC03 for alkalinity.

The U.S. GeologicalSurvey operates a monthly
sampling station on the Meramec River at Paulina
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Figure 37

Averoge monthly chemlcol and physlcol characteristics of the Meramec River at Fenton, Mo., 1966-70.
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Table 27

Selected chemical and physical characteristics of water from the

Meramec River at St. Louis County South Plant in Fenton, Mo., 1966-70

[analyses by St. Louis County Water CoJ

Table 28
Fecalcoliform bacteria counts

for the Meramec River varied from

7 to 3,800 col/100 ml and had a
medianof about 75 for the monthly
samplescollected inthe 1970 water
year. Fecalstreptococci rangedfrom
16 to 18,000 and had a median of
55 col/100 ml. Fecal coliform to
fecal streptococci ratios for individ-
ual samples averaged about 1.1.
This indicates that the pollution is
mostly derived from animal wastes.

The three-county area is ex-
periencing a high rate of population
growth, especially in St. Charles
and Jefferson Counties. Much of the
development is in unincorporated
areas. Becauseof scattered develop-
ment, hundreds of individually
operated waste-treatment facilities
are contributing substantial quan-
tities of treated and partially treated
waste effluents to the $maller
streams.

Miscellaneous samplas were
collected from severalstreams out-

side the metropolitan St. Louis
area, and results of their analySis
are in appendix 4. Most of the
sampleswere collected during times
of low streamflow.

Annualaveragewater-qualitycharacteristicsof
the Heramec Riverat Fenton,Mo., 1966-70

[In milligramsper literexceptas indicated;
analysesby St. Louis CountyWater Co]

Year endingDecember31 1966 1967 1968

6.4 7.4Silica (Si02) 6.8

Iron (Fe) 0.04 0.07 0.06

Calcium (Ca) 34 32 33

Magnesium(Mg) 21 19 20

Sodiumand fotassium(Na&K) 6 6 5

Carbonate(C03) 3 2 2

Bicarbonate(HC03) 148 138 140

18 20Sulfate (504) 21

Chloride"(Cl) 11 9 8

Fluoride(F) 0.1 0.1 0.1

Nitrate (N03) 2.2 1.7 2.5

Ammonia (NH3) 0.1 0.1 0.1

Ortho Phosphate(P04) 0.11 0.13 0.14

Dissolvedsolids 201 193 195

Alkalinityas CaC03 151 140 142

Hardnessas CaC03 172 159 164

Color (units) 10 19 16

Turbidity (JIIJ) n- 40 65 56

pH (units) 8.2 8.2 8.2 8.2 8.2
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1969

34

19

140

20

195

142

164

15

60

1970

7.4 7.0

0.02 0.01

34

19

6 4

2 3

139

19

9 9

0.1 0.1

2.4 2..0

0.1 0.1

0.13 0.13

203

142

165

17
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Characteristic Minimum Mean Maximum

pH------------------------ 7.8 8.2 8.6

Alkalinity as CaC03 (mg/l) 29 145 210

Hardness as CaC03 (mg/l) 36 166 236

Dissolvedsolids (mg/l) 17 198 428

Turbidity(JTU)----------- 1 64 2,000



The surface water in St. CharfesCounty flows
over limestone rocks and is a calcium-bicarbonate
type. Streamsin Jefferson County flow over dolomitic
rocks, and the water is a calcium-magnesium-
bicarbonate type. The higher magnesium content in
Jefferson County isaccompanied by a higher hardness
than in St. CharlesCounty.

Bacteria counts for small streams in St. Charles
County are generally higher than those in Jefferson
County and show a higher fecal coliform to fecal
streptococci ratio, whim indicates that the bacteria
are probably from human wastes.

99.99 99.999.8 99~ 99 98 95 90 80 70 60 50 40 30 20 2

275

250

225
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~ 200
:J

5<>001 OD50.1 0.2 0.5 I 2 5 10 20 30 40 50 60 70 80

Sources Of Water

Maline,Gravois,ColdWaterand WatkinsCreeks,
and River des Peres are the principal watersheds in
the metropolitan St. Louis area. They include an
area of approximately 188 square miles and an
estimated 1970 population of 1,009,000 persons.
These streams receive residential, commercial and
industrial wastes and receive runoff from highly
urbanized areas to the point where they cannot
assimilate all the wastes. The Metropolitan St. Louis
Sewer District (MSD)is currently making a study of
the area's water resources problems and needs and
will make recommendations for improvement of
surface-water quality.

10 5 0.5 0.2 OJ 0.05 0.01

90 95 98 99 99.5 998 99.9 99.99

PERCENTAGE OF TIME CONCENTRATION EQUALED OR EXCEEDED THAT SHOWN

Figure 38

Duration curves of selected water-qualitycharacteristicsof the MeromecRiver at PaulinoHills,Mo.
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Figure 39
Areas served by a central water supply. Roman from East-WestGateway CoordinatingCouncil (Water"
numeralsindicate the waterdistrict numbers. Modified FacilitiesMap, 1970).
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WATER UTILIZATION

The principal uses of water in the three-county
area, the estimated amounts used, and the source of
the water are shown below:

Source and amounts
(mgd)

·Data from Missouri Water Resources Board, 1970.

Census of Public Water Supplies in Missouri, 1969.

Approximately 97 percent of the water used in the
three-county area comes from.a surface-water source,
2 percent of the water used is pumped from alluvial
aquifers, and 1 percent is pumped from bedrock

aquifers. More than 85 percent of the surface water
used is from the MississippiRiver.

Figures for public supply include water used by
municipalities,water-supplydistricts, subdivisionsand
trailer courts. Figure 39 and table 29 show the
cities and public water-supply districts served by a
central water supply. The City of St. Louis and the
St. Louis County Water Company account for
approximately 289 of the 292 mgd of surface water
used for public water supply. Rural use is for both
domestic and livestock purposes and was estimated
based on census figures. The amount of water used
for irrigation will vary with rainfall. In 1968 it was
estimated that approximately 60 million gallons per
year were used for irrigation of crops. A little over
half of this amount was from wells.An undetermined,
but probably small amount of water is withdrawn
from wells in the Mississippi River alluvium of St.
Charles County. Water from these wells is pumped
into reservoirs to provide a suitable habitat for
waterfowl during the hunting season. By far the
largest use of water is for the generation of thermo-
electric power. This is largely a nonconsumptive use,
the water being used primarily for cooling.

SUMMARY AND CONCLUSIONS

SURFACE WATER

No shortage of surface-water supplies is fore-
seeable for major users who are able to tap the large
rivers of the area. Of the large amount of available
surface water (114,000 million gallons per day on the
average), only about 1,120 million gallons per day is
withdrawn for all uses.

Those who are interested in supplies from the
smallertributary streamsface more difficult problems.
The natural flows of streams in St. Charles and St.
LoUIs Counties and the northern two-thirds of
Jefferson County are generally highly variable. In
these areas, as shown in figure 26, a lack of natural

sustained low flows makes it necessary to utilize
storage reservoirs when year-round surface-water
supplies are required. Streams in southern Jefferson
County have a more consistent flow pattern and
better-sustained low flows. However, major water
users would probably require storage reservoirs in
this region also.

Impoundments may not be necessary to insure
adequate quantities of water in the lower reaches of
many tributary streams. These reaches are ponded by
backwater from the Mississippiand Missouri Rivers,
thus maintaining a dependable supply in the channel.
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Use Surf_ Ground
wa18r water

Public water supply .,+ 292 10

Aural use

I

3 6

Irrigation See text

Thermoelectric power · I 819

Self-supplied industrial . I 9 15

Total I 1,123 31
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Table 29

Water-Supply Facilities In The St. Louis Area

Municipality

or operating
agency
St. Louis County

Kirkwood

Eureka

Times Beach

St. Louis County

Water District No. 1

St. Louis County

Water District No. 2

St. Louis County Water Co.

South Plant

Central Plant

North Plant

Valley Park

City of St. Louis

St. Louis City Water Co.

Chain of Rocks Plant

Howard Bend Plant

St. Charles County

Portage Des Sioux

St. Peters

O'Fallon

Wentzville

St. Charles PWSD No. 1

St. Charles County Water Division

North Plant

South Plant

St. Charles City

Plant No. 1

Plant No. 2

86

No.
on
map

(Fig.39) Source

1 Ranney well: Aux. Meramec

River and St. Louis County Water Co.

2 3 we lIs

3 1 we11

4 St. Louis County Water Co.

5 St. Louis County Water Co.

Average
pumpage
(million
ga lIons

per day)

3.500

.172

.100

.041

.041

100.000

.294

150.000

0.025

0.035

0.533

0.350

.400

0.100

3.000

St. Charles PWSD No. 2

St. Charles PWSD No. 3

St. Charles PWSD No. 4

peruque Utilities

St. Charles Utilities

6 Meramec River

7 Missouri River

8 Missouri River

9 2 we lIs

10 Mississippi River

11 Missouri River

1 1 alluvial well

2 2 drilled wells

3 3 drilled wells

4 4 drilled wells

5 1 drilled well

6 3 alluvial wells

7 2 alluvial wells

8 Missouri River

9 5 alluvial wells:

Mississippi River Bottom

10 Under construction

11 Dormant

12 Dormant

13 2 we lIs

14 1 we11



Summary And Conclusions

Water-Supply Facilities In The St. Louis Area--continued

Modifiedfrom East-WestGatewayCoordinatingCouncil (WaterFacilitiesInventoryand Evaluation,
1971).

However, extensive treatment may be required to
make the water suitable for use.

Whendevelopments are .planned in the tributary
basins, proposed effluent loads should always be
balanced against streamflow available for dilution.
The low-flow potential of the stream is the principal
limiting factor in effective waste disposal via the
drainage network and can be evaluated by using
the analysis and tabulations presented in the "low
Flows" section of this report.

The low flows of many small tributary streams
are _already greatly augmented by domestic effluent,
with a net increase in dry-weather flow. From a
water-use standpoint, augmentation of small natural

streamflows by this effluent is not desirable because
of high treatment costs.

The increase of low flows by urbanization has
been accompanied by an increase in average annual
runoff and flood peaks. The intensity of these effects
depends on the percentage of impervious area in a
basin and the quantity of effluent entering the
stream from sewage treatment plants, septic tanks,
industry and storm sewers. During low-order floods
(2-year recurrence interval), storm sewers,gutters and
man-made ditches greatly increase peak flows over
those that occur in comparable rural areas. During
greater flood events, they function less efficiently,
and the difference between urban and rural flood
peaks becomes smaller. The 25-year flood for a
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Average
No. pumpage

Municipality on (million
ur operating map gallons
agency (Fig.39) Source per day)
JeffersonCountI

Cedar Hill 1 2 we lls .043

CrystalCity 2 Ranneywell .500

De Soto 3 2 wells .650

Festus 4 5 wells .500

Herculaneum 5 3 wells .280

Hillsboro 6 3 we lls .130

Peve1y 7 2 wells .058

JeffersonCountyPWSD No. 1 8 St. Louis CountyWater Co. .750

JeffersonCountyPWSD No. 2 9 St. Louis CountyWater Co. .173

JeffersonCountyPWSD No. 3 10 St. Louis CountyWater Co. .200

Jefferson County PWSD No. 4 11 JeffersonCountyPWSD No. 9

JeffersonCountyPWSD No.5, East 12 1 well .031

JeffersonCountyPWSD No.5, Weat 13 1 well .024

JeffersonCountyPWSD No. 6 14 2 we lls .010
(HoeneSprings)

JeffersonCountyPWSD No. 6 15 1 well .040
(HouseSprings)

JeffersonCountyPWSD No. 7 16 2 wells .055

JeffersonCountyPWSD No. 8 17 1 well .024

JeffersonCountyPWSD No. 9 18 2 wells .070

JeffersonCountyPWSD No. 10 19 St. Louis CountyWater Co.

JeffersonCountyPWSD No. 12 20 1 well
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60-percent urbanized basin in St. Louis County
with an estimated 20-percent impervious area is
about 2.5 times greater than the 2-year flood, whereas
the same flood from a rural basin in the area is about
3.5 times greater than the 2-year flood. The average
annual runoff for the same urbanized basin is about
twice that of a comparable rural stream.

Flood problems will probably become more
severe on tributary streams in the area as industrial
and domestic development increase on the flood-
plains. The time distribution of floods will remain the
same, barring major climatic changes, with most
floods occurring in the 5-month period, March
through July.

Springs in the study area are of little economic
value because of their small and highly variable
discharge.Some of the springsand seeps are becoming
increasinglypolluted as urbanization spreads, further
limiting their value as a water supply.

The predominant chemicalconstituents of water
in the Missouri River near St. Louis are calcium,
magnesium, sodium, bicarbonate and sulfate. Varia-
tions in dissolved-solidscontent are primarily caused
by variations in the amounts of these constituents.
The water is hard and turbidity is relatively high.
However, impoundments on the Missouri River main
stem and tributaries over the past 20 years have
resulted in a significant decrease in turbidity.

Water in the MississippiRiver upstream from-
the mouth of the Missouri River is a calcium-
bicarbonate type and contains significant amounts
of magnesium and sulfate in the dissolved solids.
Turbidity upstream from the Missouri River is
relatively low and the water isvery hard.

Water from the Meramec River is a CaC03
type. The water is hard, and turbidity is normally
low.

Water from tributary streams in St. Charles
County is primarily q,calcium-bicarbonate type. Water
from streams in Jefferson County contains significant
amounts of magnesium in-addition to calcium and
bicarbonate. Fecal coliform to fecal streptococci
bacteria ratios were higher in St. Charles County
than in Jefferson County, indicating more contamina-
tion by human wastes.
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The influence of urbanization on water quality
of small streams is characterized by the generally
deteriorated condition of the streams in St. Louis
County, particularly those in the metropolitan St.
Louis area.

GROUND WATER

Alluvial aquifers having the greatest potential
for development are those underlying the floodplains
of the Mississippiand Missouri Rivers.Wellscapable
of yielding more than 2,000 gpm can be constructed
in much of this area. Larger sustained yields could
be obtained by locating the wells so that infiltration
would be induced from the river.

Wellscapable of yielding 500 to 1,500 gpm can
be developedat carefully selected sites in the alluvium
bordering the Meramec River. Yields exceeding 500
gpm from wells in the Meramec River alluvium
probably would require the installation of a well or
wells capable of inducing infiltration from the river.

Little is known about the aquifer characteristics
of the alluvium bordering the smaller perennial
streams in the area, but it is doubtful whether a
suitable supply could be developed unless a water-
supply facility capable of inducing recharge from the
stream could be installed. This installation would
probably have to be an infiltration gallery or radial
collector well.

Water from the Mississippi, Missouri and
Meramec River alluvium generally is a calcium-
magnesium-bicarbonate type. The water is very hard
and contains significant quantities of iron and
manganese. Locally, in the Meramec River alluvium
such as at Valley Park and Times Beach, some wells
yield a sodium-chloride type of water.

Wells yielding more than 50 gpm of potable
water can be developed from the b!3drockaquifers in
the western third of St. Charles County, the extreme
western part of St. Louis County, and the south-
western three-fourths of Jefferson County. The most
important bedrock aquifers in the area are the
Potosi Dolomite (5), Gasconade Dolomite (4),
Roubidoux Formation (4) and St. Peter Sandstone
(3).
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APPENDIX 1

GEOLOGIC LOGS OF SELECTED TEST
HOLES IN ALLUVIUM

MERAMEC RIVER ALLUVIUM

JEFFERSON COUNTY

Appendix 1

43 . 5 . 13 cbb
Surface altitude: about 398 ft.

Depth to water, 15 ft., June 12, 1968

Thick Depth
ness (feed
(feed

Clay, silty, dark brown
Clay, silty, sandy, brown
Clay, silty, sandy; contains some gravel
Gravel and sand, medium to coarse
Gravel and sand, silty, brown; contains

a few boulders
Bedrock

7 7
5 12

15 27
10 37

41 78
78

ST. LOUIS COUNTY

43 -4 - 5bdd
Surface altitude: about 430 ft.

Depth to water, 30 ft., June 6, 1968

Silt, sandy, brown
Clay, silty, sandy, brown
Clay, sandy; contains trace of gravel
Sand, fine to meclium, clayey, light brown
Sand, medium, silty, clayey, brown;

contains some gravel
Sand, medium to coarse, silty, clayey; contains

some gravel
Sand, coarse to very coarse; contains much

gravel
Bedrock

44 -5 -35bba
Surface altitude: about 410 ft.

Depth to water, 17 ft., June 4, 1968

Clay, silty, dark brown
Clay, sandy, silty, dark brown
Sand, medium, clayey, brown
Sand, medium, silty, brown; contains gravel
Sand, fine to medium, clayey; contains

gravel
Sand, medium, clayey; contains gravel
Sand, medium to coarse, clayey; contains

much gravel
Bedrock

44 -5 -23bbb
Surface altitude: about 410 ft.

Depth to water, 24 ft., Jan. 14,1969

Sand, fine to medium, silty, tan
Sand, medium, silty, brown; contains

some gravel
Sand, medium to coarse, brown; contains

some gravel
Sand, medium to very coarse, silty, brown;

contains gravel
Bedrock

93

Thick Depth
ness (feed
(feed

2 2
10 12
10 22
5 27

10 37

20 57

4 61
61

Thick Depth
ness (feed
(feed

2 2
5 7
5 12
5 17

5 22
10 32

26 58
58

43-3-4cdc Thick Depth 44 - 3 - 24dad Thick Depth
Surface altitude: about 455 ft. ness (feed Surface altitude: about 430 ft. ness (feed

Depth to water, 8 ft., June 5,1968 (feed Depth to water, 28 ft., June 7, 1968 (feed

Clay, dark gray 2 2 Silt, clayey, brown 2 2
Clay, sandy, light brown to gray; contains Clay, silty, sandy, brown 10 12

some gravel 15 17 Sand, very fine to fine, silty, brown 30 42
Sand, very fine to fine, clayey, tan to gray 10 27 Sand, fine to medium, silty, brown;
Sand, fine to medium, gray 10 37 contains some gravel 10 52
Sand, very fine to fine, gray to gray-brown; Sand, medium, some fine, silty, clayey, brown;

contains some gravel 20 57 contains some gravel 19 71
Sand, medium; contains some gravel 3 60 Bedrock - 71
Bedrock - 60

Thick Depth
ness (feed
(feed

12 12

10 22

10 32

25 57
57
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MISSISSIPPI RIVER ALLUVIUM

ST. CHARLES COUNTY

47 -7-11ccb
Surface altitude: about 410 ft.

Depth to water, 7 ft., Oct. 28, 1969

Sand, fine, light tan
Clay, sandy, dark brown
Sand, medium, clayey, dark brown
Sand. medium to coarse, gray-brown
Sand, coarse to very coarse, gray-brown;

contains some gravel

48 -7 -35abd
Surface altitude: about 416 ft.

Depth to water 9 ft., Jan. 23, 1969

Clay, silty, brown
Clay, silty, sandy, gray, brown
Sand, very fine to fine, silty, gray-brown
Sand, very fine to very coarse, poorly sorted,

graY-brown; contains some gravel
Sand, medium to coarse; contains gravel
Sand, coarse to very coarse, gray-brown;

contains some gravel
Gravel and boulders
Bedrock

Thick Depth
ness (feet!
(feet!

2 2
11 13
4 17

15 32

90 122

48 -6 -22ada
Surface altitude: about 440 ft.

Depth to water, 21 ft., Feb. 6, 1969

Clay, silty, gray
Silt, sandy, clayey, brown
Sand, very fine to fine, silty, brown
Sand, fine to medium, brown
Sand. medium to coarse, brown
Sand, coarse to very coarse, brown; contains

trace of gravel
Sand, medium to coarse, gray-brown
Sand, fine to medium, gray
Sand, medium to coarse, gray; contains

trace of gravel
Sand, coarse to very coarse, gray-brown;

contains gravel
Sand, medium to coarse; contains some

gravel

94

Thick Depth
ness (feet!
(feet!

2 2
10 12
15 27
5 32
5 37

5 42
10 52
20 72

5 77

25 102

20 122

47 -5 -14bca
Surface altitude: about 430 ft.

Sand, very fine to fine, brown
Clay, brown
Sand, very fine to fine, silty, gray-brown
Sand, fine to medium. gray-brown
Sand, medium to gray-brown
Sand, fine to very coarse, poorly sorted,

gray-brown
Sand, coarse, gray-brown
Sand, coarse to very coarse; contains some

gravel
Sand. very coarse, gray-brown; contains

some gravel
Bedrock

44 -1 -14cab
Surface altitude: about 468 ft.

Depth to water, 14 ft., Feb. 10, 1967

Silt, clayey, dark brown
Silt, light brown
Sand, very fine to fine, silty, clayey,

brown
Sand, fine to medium, gray-brown
Sand, medium. gray-brown, some coarse, trace

of very coarse sand
Sand, medium to coarse, gray-brown, some very

coarse sand, some very fine gravel
Sand, medium, gray-brown, some coarse to very

coarse sand. contains some gravel from
62-66 ft.

Bedrock

44 - 1 - 23cab
Surface altitude: about 471 ft.

Depth to water, 18 ft., Feb. 10, 1967

Clay, silty, brown
Sand. fine, tan, some very fine
Clay, dark brown
Sand, fine to medium,light brown, trace of

very coarse
Sand, medium, gray-brown, some coarse, some

fine; gravel lens from 37 to 39 ft.
Sand, medium t6 coarse, some very coarse

sand, some very fine gravel
Sand, coarse to very coarse. some medium

sand, some very fine to fine gravel
Sand, very coarse, and very fine gravel
Bedrock

Thick Depth
ness (feet!
(feet!

17 17
10 27
15 42

5 47
45 92

16 108
1 109

109

'48-6-15ada Thick Depth
Surface altitude: about 423 ft. ness (feet!

Depth to water, 3 ft., Feb. 6, 1969 (feet!

Clay, dark gray 15 15
Silt. clayey . sandy, dark gray; contains

gravel 12 27
Sand, fine to medium, dark gray 10 37
Sand, medium to coarse, gray; contains

some gravel 5 42
Sand, very coarse, gray; contains much

gravel 5 47
Sand, coarse, silty, gray; contains some

gravel 45 92
Sand, coarse to very coarse, gray-brown;

contains gravel 10 102
Sand and gravel 8 110
Bedrock - 110

Thick Depth
ness (feet!
(feet!

7 7
16 23
9 32
5 37
5 42

10 52
20 72

25 97

12 109
109

Thick Depth
"ess (feet!
(feet!

1 1
5 6

10 16
15 31

10 41

10 51

29 80
80

Thick Depth
ness (feet!
(feet!

1 1
8 9
2 11

15 26

15 41

15 56

5 61
44 105

105
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ST. LOUIS COUNTY

Appemj/x 1

47 - 5 - 28ddd
Surface altitude: about 437 ft.

Depth to water, 17 ft.,Feb. 10, 1967

Thick Depth
ness (feed
(feed

Clay, silty, gray-brown 4 4
Silt,light gray-brown 6 10
Sand, medium,light brown 16 26
Sand, medium to coarse, gray-brown, some very

coarse, trace of very fine gravel 20 46
Sand, medium to very coarse, gray-brown, trace

of very fine to fine gravel 15 61
Sand, coarse to very coarse, gray-brown, some

medium sand, some very fine to medium gravel 10 71
Sand, very coarse, gray-brown, some medium to

coarse sand, much very fine gravel, some fine
to medium gravel 45 116

Bedrock - 116

47 -5 -29 dbd
Surface altitude: about 440 ft.

Depth to water, 24 ft.,Feb. 10, 1967

Sand, very fine to fine, silty, brown
Sand, medium, light tan
Sand, medium to coarse, tan, some very coarse

sand from 26 to 36 feet
Sand, coarse, some medium, some very coarse,

trace of very fine gravel
Sand, very coarse, gray-brown, some medium

to coarse sand, much very fine to fine gravel
Sand, very coarse, much very fine gravel, some

medium to coarse sand, some gravel 1 inch
long

Bedrock

95

Thick Depth
ness (feed

(feed

11 11
10 21

15 36

20 56

10 66

30 96
96
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»
"'0
"'0

m:z
c
X
to.)

~
~
~
~
~e
~
~
Vi

~
~
rr,

~
l""-e
s:
Vi
):.
~

~
~
c:;;Vi
e
~-

Mi11igrama per Uter

Hardness
as CaC03

c 'M a"
.2 m ...

8 .....,... " "'0 UN
U :... i !

'" '" ....,.. 0 ...... "'...
U- N a " ... '" 0 .. c..

0 0 .. 0 " ... g m ... 0
0 0 ... ... en .. u"
0 U en

-;;
0 B B .. .. '" 0

... ... m C .. .. 0.. 0 '::'5... .. ... :I B ... ...
.&

.. '" '" 0 > ,Q
0 .. 0 m § .. ... ... ... ... ...'" ...0.c 0 U .. ... .. m 0 .. .. 0'" ... .. .. ...... .. '" ... a :!' U c ... .. .. ,Q ... 0 0 m .. U C U uu 0

'" ! B ... 0 ... .. '8 ... U ... 6 0 ... m 0 ..... c x. 8,! {!.
...

! !
0 ... ... ... ... 0 '"

We11 number en .... en .. '" en ... Z "' Z en '"

43-6-31 dab 301 12-19-60 4.8 0.23 81
Group 1 (post-Maquoketa) Aquifers

n --..... 45 11 _n 466 0 11 4.0 0.3 0.0 404 387 4
44-6-31 eeb 409 6-11-41 -- 12 ---- .......... 262 131 1310 _u 339 0 262 2,360 --- n_ 5,050 1190 913
45-4-12 edd 383 5-17-35 u 10 .05 ---- 40 27 48 0.0 316 0 26 22 3.2 2.0 372 211 _u

46-2-1 beb 220 3-7-61 -- 4.2 .13 ---- 65 28 14 u_ 331 4 11 1.5 .1 _u 311 275 0
46-6-35 dde 790 9-20-38 -- 6.8 .14 ......- 211 120 1560 u_ 305 0 267 2,67.0 n_ _u 5,400 1020 770
46-7-20 dbe 655 2-27-36 n 6.0 .12 .......- 45 25 124 --- 416 3 84 3.0 .0 558 214
47-6-34 bae 513 1-27-38 -- 8.4 .12 ---- 30 16 246 _u 396 1 296 34 3.8 3.5 916 139

44-5-20 adb 365 4-26-41 5.6 74
Group 2 (KimllUlViek-Joaehim)Aquifers-- ---- ---- 26 28 .u 339 0 49 14 n_ n_ 424 290 12

46-1-15 edb 370 3-3-61 n 4.2 .16 ........, 62 39 27 _u 354 14 15 5.0 .7 1.2 355 313. _u

46-4-17 beb 810 3-28-61 -- 16 1.0 ---- 124 74 1120 _u 340 0 357 1,740 2.5 .1 4,070 616 337
46-5-2 eb 915 6-1-34 -- 19 .20 ...--- 94 41 12 _u 454 13 6.4 6.2 --- 7.4 459 403
47-7-35 dea 1300 ----...... -- 4.0 4.5 _00..- 252 188 5960 _n 247 0 23 10,000 _u .4 17,500 ---
48-6-22aea 619 2-16- 34 -- 1.2 .10 .....-- 125 82 1220 _n 131 5 376 1,900 _n .5 41710 649 542.
39-7-6 dba 181

Group3 (St. Peter-Everton) Aquifers
11-27-60 n 7.7 .11 ---- 106 56 25 u_ 476 0 124 8.3 .3 4.6 604 497 106

42-4- 5 bab 185 1-6-61 n 5.6 .14 --..... '83 31 3.5 _u 379 6 11 2.8 u_ _u 335 335 14
42-5-23 dd 150 2-3-61 n 3.3 .15 ---- 78 28 2.6 --- 359 0 7.8 2.0 .3 0 311 309 14

43-5-4 bdb 800 5-9-62 -- 8.0 .04 ---... 46 25 9.8 u_ 252 0 19 12 .7 .1 270 216 12

45-3-7 dbb 535 3-7-61 u 6.8 .09 ---- 85 35 17 n_ 366 14 17 13 .3 16 420 358 34

44-4-1 add 798 2-25-37 u 8.8 .15 ---- 325 149 1810 _u 267 n 442 3,320 n- O 7,270 1,420

47-1-19 abe 770 7-30-68 u 8.0 .04 ...--- 68 35 40 9.6 420 0 70 7.9 .7 _u 478 313 0

47-3-25 ded 820 12-7-67 u 7.0 .85 -...-- 66 35 200 11 349 0 56 291 1.5 0 915 307 21

48-2-35 add 810 5-18-34 u 8.0 .60 ........ 6.5 3.4 290 u_ 456 40 150 28 --- 16 777 30

Group 4 (Powe11-Caaeooade)Aquifers
39-4-1 beb 185 11-16-60 u 9.7 .08 ---- 161 116 22 _u 597 0 386 12 0 11 1,110 881 391

41-2-13 edb 305 12-10-60 u 7.5 .07 ....-. 70 43 6 _u :¥9 7 12 3.5 u_ .1 352 350 19

42-6-30 ade 562 12-7-36 -- 12 .12 ---... 141 92 793 _u 134 0 128 1,580 .1 n_ 3,100 730 620

43-3-18 eed 585 9-5-61 -- 5.0 .08 ---- 68 36. 13 u_ 348 0 16 2.5 .1 0 314 316 3Q

44-1-11 ded 352 3-3-61 -- 18 .20 --.... 104 54 37 _u 516 0 48 25 .1 9.7 600 484 61

44-3-35 daa 820 1-18-63 -- 6.3 1.6 ...--- 80 36 27 u_ 309 24 23 44 .2 0 422 350 56

44-5-16 abd 1345 6-1-34 u 8.0 .20 --..- 464 187 2570 _n 250 8 563 4,370 2.8 .1 4,650 1,930
45-3-29 ace 1072 6-12-40 -- 4.0 ---- ---- 52 27 14 u_ 295 4 22 6.5 _u u_ 324 238
47-2-19 eea 1337 1-7-63 -- 6.0 4.0 ---- 63 28 37 4.0 341 u 45 24 .8 .1 406 274

47-3-20 ada 1500 8-18-66 -- 8.0 .01 .......- 47 25 100 8.8 364 0 68 43 1.1 1.2 561 220

Group5 (Eminence-Lamotte)Aquifers
39-3-14 baa 350 11-28-60 n 5.5 0.06 ---- 68 38 26 u_ 336 12 51 11 0.5 0.2 387 3n 31

39-5-31 eaa 800 6-12-63 -- 6.0 .20 --...... 70 41 2.3 1.2 403 0 18 4.8 .1 _u 406 344 13

40-6-6 edb 865 -_.......-- -- 8.0 .04 ---- 61 32 2.9 2.0 310 u 18 3.7 _u .4 337 284 30

41-4-27 ddb 1100 8-10-65 n u_ .30 ---- 68 44 7.4 1.5 403 0 -- 8.1 .1 .3 _u 350 20

47-6-18 add 2755 9-23-40 n 8.4 ...-..... ---.. 283 112 1620 n_ 302 0 478 2,690 2.1 n_ 6,060 1170 921
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Selected analyses of water from wells in alluvial deposits in St. Charles, St. Louis, and Jefferson Counties, Missouri
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43- 3-10 bdo 37 6-6-68 14 11 2.2 0.50 86 16 6
43-3-11 odd 24 6-6-68 13 9.1 1.9 .32 150 20 4
43-3-22 daa 42 6-5- 68 16 11 7.5 1.6 20 9.3 5
44-4-31 doa 40 6- 6- 68 14 12 1.9 1.4 77 32 5
44-4-14 000 42 6-7-68 13 11 .11 .00 60 18 2
44-5-10 000 53 6-4-68 14 8.9 .70 1.3 56 15 4

44-5-17 odb 63 8-27-69 14 12 .34 .61 87 26 140 4.6 158 0 108 277 .1 .0 742 324 195 1290 7.6
44-5-18 dda 62 8-27-69 13.5 13 .00 .33 57 16 26 2.2 158 0 88 32 .0 4.2 331 208 78 536 7.5
44-5-27 bad 58 6-4-68 15 10 3.6 1.2 98 33 9.4 1.4 403 0 62 8.4 .3 .5 438 380 50 747 7.7
43-5-13 oab 48 6-11-68 --...- 9.2 3.4 .80 51 14 25 1.8 212 0 32 24 .0 .3 283 185 11 467 7.4
43-5-1 ood 43 6-7-68 12 9.1 .10 .00 36 15 7.7 .9 132 0 34 18 .1 4.8 201 152 44 391 7.3

Mississippi and Missouri Rivers Alluvium
44-1-23 oab 46 2- 3-67 15 26 2.8 2.7 172 38 11 5.3 662 0 55 2.4 .2 .0 641 586 42 1020 7.1 0
44-3-15 bbd 47 10- 30- 69 13 17 5.7 .82 107 20 16 1.0 386 0 46 15 .2 .0 419 349 32 689 7.6 1
47-4-23 bdd 100 10-30-69 13 37 8.7 .39 95 37 16 2.0 508 0 .4 1.7 .3 4.1 452 389 0 734 7.6 5
47-5-2 bdd 46 10-29-69 14 24 1.0 .15 46 10 4.0 2.6 184 0 17 .5 .5 2.8 205 156 5 316 7.8 0
47- 7-13 doo 46 10-27-69 14 24 10 .80 133 31 7.0 3.9 512 0 70 2.0 .3 .1 552 460 40 872 8.0 5
47-8-20 aad 50 10-27-69 14 30 29 2.1 169 47 16 5.4 784 0 1.6 3.8 .2 .3 690 616 0 1070 u.l lC

48- 2-12 bbd 39 10-30-69 13.5 24 8.0 .97 90 20 11 1.0 312 0 72 7.0 .2 .0 388 307 51 618 7.3 2
48-3-16 bd 89 10-30-69 13.5 29 1"4 1.1 76 17 9.2 1.3 316 0 7.2 5.9 .2 1.0 304 260 0 504 7.5 2
48-5-23 bad 56 10- 28- 69 12 27 9.3 1.2 93 23 8.2 4.6 340 0 53 4.6 .4 .2 392 327 48 884 8.1 15
48-6-15 bob 116 10-28-69 14 27 7.6 .18 120 32 11 4.6 544 0 13 3.2 .3 2.8 489 431 0 808 8.1 5
48-7-20 oao 47 10- 28- 69 13 27 4.8 .53 118 26 4.3 4.6 460 0 25 3.2 .2 1.1 441 402 24 716 8.2 5
49-5-34 ddd 52 10-30-69 12 30 9.7 .62 82 17 8.8 1.9 325 0 28 .9 .2 .5 339 275 8 526 8.0 35

-
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WATER RESOURCES OF THE ST. LOUIS AREA, MISSOURI

APPENDIX 3

STREAMFLOWSTATISTICSAND FLOW-VARIABILITY DATA
FOR MISSISSIPPIAND MISSOURI RIVER STATIONS

Statistical and flow-variabilitydata are presented
so that water managersand planners will have values
of daily streamflow in a form which is readily
adaptable to their needs.

Further analysis of these data was not justified
at this time. However, future research plans of the
Water Resources Divisioninclude systems analysesof
the Mississippiand Missouribasins.

Scientific notation (for example, 0.036=0.36x
10-1) is used in the statistics of monthly and annual
means. In this format a decimal is always placed
immediately to the left of the first digit in the
mantissa, with the two digits immediately after
the "E" indicating the exponent of 10 needed to
compute the correct data value. The following
examples illustrate the use of the "E" format:

-0:424 E-01 =-0.424 X 10-1, =-0.0424
0.424 E -01 = 0.424 X 10- = 0.0424
0.424 E 00 = 0.424 X 10°1 = 0.424
0.424E 01= 0.424X10 = 4.24

98

The lowest and highest mean discharges for
each year and their ranking are shown for each of the
three stations in this appendix. The order numbers
are included for the convenience of the user who may
want to construct frequency curves for these stations.
Note that climaticyear data (April 1 -March 31)
used in computation of lowest mean discharges and
water year data (October 1 -September 30) are used
in computation of highest-mean-discharge data.

Tables of duration of daily discharges are
shown for each station. A cumulative frequency
curve (flow-duration curve) showing the percent of
time during which specified dischargeswere exceeded
in a given period may be plotted from these data.
Logarithmic probability paper is recommended for
these plots because it tends to straighten the flow-
duration curve.
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STATISTICS O~ NORMAL MONTHLY MEANS(ALL DAYS)

BY ROWS (MEAN. VARIANCE, STANDARD DEVIATION, SKEWNESS, COEFF. OF VARIATION, PERCENTAGE OF AVERAGE FLOW, FIRST ORDER SERIAL CORRELATION COEFFJ

~
g
~
::sO
~
~

MEAN
0.9252F 05

VAR I A~CE

0.7A58E 09

STANDARn DEVIATION
0.2A03F 05

SKEwNE SS

0.1993F.-OI

cnEFF. OF VARIATION
0.3030F 00

Sf RIAL cnR.
0.73R"E 00

MISSOURI R I V E R AT HERMANN, MO, 088341100

STATISTICS nN NORMAL MONTHLY MFANSIALL DAYS)

BY ROWS (MEAN, VAMIANCE, STANDARD DEVIATION, SKEWNFSS, COEFF. OF VARIATION, PERCENTAGE OF AVERAGE FLOW, FIRST ORDER SERIAL CORRELATION COEFF.1

STATISTICS ON NORMAL MONTHLY MEANSIALL DAYSL

BY ROWS(MEAN, VARIANCE, STANDARD DEVIATION, SKEWNESS, COEFF. OF VARIATION, PERCENTAGE OF AVERAGE FLOW, FIRST ORD1i/I SERIAL CORRELATION COEFFJ

nCT Nnv nF.C JAN FER MARCH APR I L MAY ,IIINF .ltll. Y Allr- SFPT
O,774F n O.'IO"F. O 0.5332E 05 0.60AAE 05 0.7309. 05 0.1227E 0' 0.1726E 00 0.153A. 0' 0.1337F 0' 0.1039F 06 O.'IORF O 0.5700F O
0.1407F. 10 0.1375E 10 0.4394. 09 0.10'3E 10 0.95ftOF. 09 0.2532F. 10 0.4330. I" 0.4365E 10 0.4161F 10 0.7414. 10 0.5500F 09 0.7003. 09
0.'744F 05 0.370RF. O 0.2096E 05 0.3260E 05 0.3095. 05 0.5032E 05 0.65"1. O 0.6607F 05 0.6450F 05 0.4913F 05 0.?34. O 0.2'4'F O
0.IR59. 01 0.1"72F. 01 0.R341F 00 0.139. 01 0.2"97E 00-0"154E-OI 0.42R7E 00 0.51"IE 00 0.9636. 00 0."350F. 00 0."90F 00 0.17"2F 01
0.'540F 00 0.6070E 00 0.3931E 00 0.5354E 00 0.4235E 00 0.4100E 00 0.3R12E or 0.4297E 00 0;4"2'. 00 0.4730F 00 0.3R40E 00 0.4'4?E 00
0.5155. 01 0.5501F 01 0.4A07. 01 0.54A3F. 01 0.'5R3E 01 0.1105E 02 0.1555E or 0.1385E 02 0.1204. 02 0.9353. 01 0.5501F 01 0.5134E 01

STATISTICS ON NORMAL ANNIIAL MEANS(ALL OHS)

lIeT N(lV DEC JAN FER MARCH APRIL MAY .!lINE JIILY AUr, SFPT

0.5122. 05 0.095F 05 0.3367E 05 0.3492E 05 0.4754E 05 0.776TE 05 0.1057E 0' 0.9970E 05 0.122RE 06 0.9624E 05 0.5A6F O 0.5'3IF O
0.R594F 09 0.102A. 10 0.245'E 09 0.3191E 09 0.6272F 09 0.153RE 10 0.4076E 10 0.2716E 10 0.5363E 10 0.4'RF 10 0.6737F 09 0.1334E 10
0.7932F 05 0.3206F O 0.1567E 05 0.17A6E 05 0.2504E 05 0.3921E 0; 0.63A4E 05 0.212E 05 0.7373. 05 0.69R9E 05 0.?596E 05 0.3653E 05
0.22'E 01 0.16M7E 01 0.922)E 00 0."141F. 00 0.1337F 01 0.R47RE 00 0.1222E 01 0.1017E 01 0.12AIF 01 0.3376F. 01 0.1512E 01 0.2774E 01
n.7?4. 00 0.6293F 00 0.4654E 00 0.5115E 00 0.5267E 00 0.5049E 00 0.6039E 00 0.5227E 00 0.5964E 00 0.7262E 00 0.4646F 00 0.'4R"E 00
O.'IIE 01 0.6119E 01 0.4044F. 01 0.'.194F. 01 0.5710F 01 0.93?AF 01 0.12TOE 07 0.1197E 02 0.1475F 02 0.115'E 02 0.6710F 01 0.6763E 01

STATISTICS UN NURMAL ANNIIAL "EANS(ALL nAYS)

M.AN VAR lANCE STADARD DEVIATION SKEwNESS COEFF. OF VA"IATION SFRIAL CORR
0.6939F O 0.6R49E 09 0.7617E 05 0.5937E 00 0.3772E 00 0.4023E 00

MISSISSIPPI R I V E R AT S T, LOU I S, MO. 07010000

OCT NOV DEC JAN FER MARCH APRIL MAY JIINE JIILY Allf, SEPT
0.1131E 06 0.1121E 06 0.A669E 05 0.9620E 05 0.1229E 06 0.2006E 06 0.2AORE 06 0.2521E 06 0.255A. 06 0.2065F 06 0.121". 06 0.IIR2E 06
0.390AE 10 0.4IAOE 10 0.1096E 10 0.2406E 10 0.290AE 10 0.6577E 10 0.1366E II O.IOAIE II 0.14AAE II 0.1185F II 0.1137E 10 0.3573E 10
0.'2IF 05 0.6465E 05 0.3311E 05 0.4905E 05 0.5392E 05 0.8110E 05 0.1169E 06 0.1040E 06 0.1220E 06 0.1089E 06 0.4163E 05 0.5977E 05
0.1907F 01 0.2019E 01 0.R313E 00 0.1260E 01 0.4990E 00 0.8266E-Pl 0.6386E 00 0.6612E 00 0.1131E 01 0.2148E 01 0.7594& 00 0.2046E 01
0.5526E 00 0.5767E 00 0.3820E 00 0.5098E 00 0.4388E 00 0.4043E 00 0.4162E 00 0.4124E 00 0.4767E 00 0.5272E 00 0';3423E 00 0.5056E 00
0.5751F. 01 0.5700E 01 0.4407E 01 0.4A91E 01 0.6248E 01 0.1020E 02 0,142AE 02 0.1282E 02 0.1301E 02 0.1050E 02 0.6192E 01 O.'OllE 01 :t.

STATISTICSON NORMALANNUALMEANSIALL DAYS) ::s

)(
CO MEAN VAR lANCE STANDARD DEVIATION SKEWNESS COEFF. OF VARIATION SERIAL CnRP
CO 0.163E 06 0.2487E 10 0.4987E 05 0.1023E 00 D.3043E 00 0.3487E 00
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LOWESTMEAN CISCHARGE,IN CFS, ANDRANKING,FOR THE FOLLOWINGNUMBEROF CONSECUTIVEDAYS IN YEAR ENDINGMARCH31 g VI

0
n

."

150000
3 7

2260b0 2510d0 2170a0 2CH080 300M0 308b80 78H -&1 15800.0 1 19600.0 1 4 4 5 3 2 2 7
1935 23900.0 14 24100.0 13 25700.0 11 21700.0 13 29600.0 11 32500.0 11 33000.0 6 33600.0 6 31700.0 8 61900.0 5 !'Ii

19310 27200.0 19 211500.0 18 31000.0 21 32900.0 21 34800.0 19 36800.0 18 41000.0 19 46600.0 21 46100.0 16 100000.0 19
VI

1937 21600.0 10 21600.0 9 21700.0 7 21900.0 2 22300.0 2 25300.0 1 30400.0 5 41100.0 17 42200.0 11 79000.0 11
:--I

191 25300.0 15 25800..0 15 27200.0 15 28300.0 15 30400.0 14 30900..0 8 35900.0 14 40800.0 16 44300.0 13 56900.0 3 r--
192 21000.0 9 21900.0 10 26200.0 12 26600.0 11 28600.0 9 38300.0 20 58700.0 25 68300.0 27 93900.0 28 113000.0 23 0
1'143 48100.0 31 49000.0 31 50100.0 31 54900.0 31 71500.0 31 83100.0 30 86200.0 30 89200.0 29 95000.0 29 121000.0 27

c::

1944 30600.0 25 31100.0 24 35100.0 25 37400.0 24 40300.0 24 43600.0 23 44200.0 21 46400.0 20 49600.0 21 120000.0 26
1945 30200.0 23 30600.0 23 31700.0 23 33300.0 22 34900.0 21 37200.0 19 38800.0 17 39400.0 14 44700.0 15 114000.0 24 :t.

1'1410 'ol100.0 30 43100.0 30 45900.0 30 47300.0 29 52800.0 29 58700.0 27 59900.0 26 66600.0 25 71300.0 25 135000.0 29
1<;47 34400.0 26 36300.0 27 31100.0 26 42200.0 26 51900.0 28 55300.0 25 58200.0 23 65600.0 24 70100.0 23 92000.0 16
1948 28000.0 20 28300.0 17 28700.0 16 29900.0 17 34800.0 20 39500.0 21 41000.0 20 42200.0 18 44600.0 14 128000.0 28
1949 15800.0 "2 17600.0 2 22500.0 9 23500.0 6 25200.0 5 26500.0 3 28500.0 2 30000.0 3 38200.0 10 80200.0 13 i:;;
1950 19000.0 6 20400.0 7 21600.0 6 23500.0 7 30800.0 15 33100.0 12 35100.0 12 35100.0 8 47400.0 18 .79200.0 12 VI

0
1951 22500.0 11 22900.0 11 24100.0 10 26400.0 10 28500.0 8 30400.0 7 33600.0 8 35400.0 9 37800.0 9 97900.0 18
1<;2 35400.0 28 39300.0 29 45100.0 29 52400.0 30 70200.0 30 89000.0 31 93000.0 31 95800.0 31 98200.0 30 153000.0 31 -
193 25700.0 16 29000.0 20 29300.0 18 31000.0 18 32900.0 17 34800.0 15 38300.0 16 40000.0 15 47300.0 17 103000.0 21
1954 27100.0 18 27200.0 16 28900.0 17 29300.0 16 30100.0 12 32300.0 9 34800.0 11 36200.0 10 36800.0 5 75300.0 9
1955 36700.0 29 38800.0 28 43100.0 28 46600.0 28 50100.0 26 57900.0 26 61400.0 28 66800.0 26 71800.0 26 95500.0 17

19510 23800.0 13 25200.0 14 26300.0 14 27800.0 14 31200.0 16 33700.0 14 34300.0 9 34600.0 7 36400.0 4 61200.0 4
1957 17400.0 3 18800.0 3 19600.0 2 20500.0 1 21800.0 1 26400.0 2 29400.0 4 31300.0 4 35000.0 3 56600.0 2
1958 30200.0 24 31300.0 25 32900.0 24 33500.0 23 37200.0 22 42500.0 22 45400.0 22 46800.0 22 48400.0 20 79000.0 10
1959 18500.0 5 19600.0 4 22100.0 8 25400.0 9 28300.0 7 29200.0 6 33500.0 7 32500.0 5 37500.0 6 71600.0 8
1<;6C 28400.0 22 29900.0 21 31200.0 22 38500.0 25 51100.0 27 51200.0 24 58600.0 24 64500.0 23 70900.0 24 90100.0 15

19101 268CC.0 17 28600.0 19 30800.0 19 31800.0 19 33100.0 18 35700.0 17 39800.0 18 43900.0 19 47900.0 19 114000.0 25
1962 28200.0 21 30400.0 22 30800.0 20 32700.0 20" 40200.0 23 60800.0 28 60500.0 27 72800.0 28 89400.0 27 110000.0 22
1<;63 23400.0 12 24100.0 12 26200.0 13 26700.0 12 29200.0 10 33500.0 13 35600.0 13 38500.0 12 49900.0 22 101000.0 20
1964 19200.0 7 19900.0 5 21500.0 5 22600.0 5 23200.0 3 26800.0 4 27300.0 1 27200.0 1 29000.0 1 51200.0 1
1965 17800.0 4 19900.0 6 20700.0 3 "22200.0 3 27000.0 6 32300.0 10 34500.0 10 36300.0 11 37700.0 7 68100.0 " 6

1966. 35100.0 27 36100.0 26 41300.0 27 43000.0 27 45400.0 25 63000.0 29 79000.0 29 90000.0 30 98500.0 31 1101000.0 30
1<;67 19200.0 8 20900.0 8 21500.0 4 23600.0 8 30300.0 13 35300.0 16 36000.0 15 38900.0 13 42300.0 12 82400.0 14
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IGEST MEANDISCHARGE. IN CFS. ANDRANKING.FOR THE FOLLOWINGNUBER OF CONSECUTIVEDAYS IN YEARENDINGSEPTEMBER30 f:\'

g
g.

YEAR 1 3 7 15 30 60 90' 120 183 ANNUAL
1934 97200.0 32 96800.0 32 94700.0 32 88800.0 32 75800.0 32 58900.0 32 52100.0 32 47100.0 32 42900.0 32 37200.0 32
1935 231000.0 19 228000.0 19 216000.0 19 203000.0 19 199000.0 15 180000.0 16 172000.0 13 170000.0 11 150000.0 11 107000.0 13

1'H6 218000.0 22 209000.0 23 189000.0 25 181000.0 24 176000.0 20 168000.0 18 156000.0 1 137000.0 19 103000.0 24 72700.0 25
1937 253000.0 15 251000.0 14 240000.0 15 208000.0 17 176000.0 21 153000.0 22 155000.0 19. 145000.0 17 125000.0 16 86500.0 15
194C 128000.0 31 114000.0 31 102000.0 31 96700.0 31 87600.031 77300.0 31 77000.0 31 71100.0 31 64600.0 31 47200.0 31

1941 219000.0 20 214000.0 22 207000.0 22 194000.0 20 110000.0 23 140000.0 24 129000.0 25 117000.0 26 95600.0 26 72800.0 24
1942 253000.0 16 248000.0 15 241000.0 14 230000.0 14 202000.0 14 183000.0 14 160000.0 16 161000.0 13 150000.0 12 133000.0 2
1943 434000.0 1 416000.0 1 381000.0 1 336000.0 5 296000.0 6 268000.0 6 244000.0 5 221000.0 4 191000.0 2 142000.0 1
1944 392000.0 2 386000.0 2 371000.0 3 343000.0 3 295000.0 7 27-4000.0 5 256000.0 2 233000.0 3 182000.0 4 115000.0 q
1945 307000.0 11 303000.0 11 296000.0 11 284000.0 10 265000.0 9 238000.0 9 239000.0 6 223boo.o 7 115000.0 7 112000.0 10

1946 313000.0 10 311000.0 10 299000.0 10 266000.0 11 241000.0 11 185000.0 13 161000.0 14 160000.0 14 148000.0 13 109000.0 12
1947 378000.0 4 374000.0 4 362000.0 4 360000.0 2 351000.0 2 281000.0 2 274000.0 1 249000.0 1 188000.0 3 121000.0 6
1<;48 362000.0 6 359000.0 6 348000.0 6 316000.0 9 264000.0 10 215000.0 10 187000. 11 156000.0 16 123000.0 18 82500.0 20
1<;49 218000.0 23 217000.0 21 211000.0 21 193000.0 22 178000.0 19 167000.0 19 146000.0 20 131000.0 23 111000.0 21 75200.0 22
1<;50 256000.0 13 252000.0 13 250000.0 13 242000.0 13 225000.0 12 208000.0 11 195000.0 10 186000.0 10 158000.0 10 106000.0 14

1<;51 330000.0 9 328000.0 9 323000.0 9 319000.0 7 31600D.0 3 276000.0 4 237000.0 7 238000.0 2 208000.0 1 130000.0 3
19 !2 337000.0 7 331000.0 7 335000.0 1 321000.0 6 293000.0 8 258000.0 7 223000.0 9 200000.0 8 168000.0 8 130000.0 4
19!3 232000.0 18 229000.0 18 217000.0 18 194000.0 21 172000.0 22 154000.0 20 141000.0 23 136000.0 21 124000.0 17 85300.0 16
19!4 196000.0 27 195000.0 26 193000.0 24 183000.0 23 163000.0 24 152000.0 23 145000.0 21 133000.0 22 108000.0 22 12900.0 23
19! 207000.0 24 205000.0 24 200000.0 23 176000.0 25 151000.0 25 130000.0 26 126000.0 26 119000.0 25 103000.0 25 83300.0 19

1956 162000.0 30 152000.0 30 140000.0 30 136000.0 30 126000.0 30 110000.0 30 95500.0 30 87800.0 30 77600.0 29 57200.0 29
1Cj51 174000.0 29 166000.0 29 147000.0 29 131000.0 29 135000.0 28 132000.0 25 130000.0 24 127000.0 24 105000.0 23 71200.0 26
1C;58 204000.0 25 201000.0 25 181000.0 26 156000.0 27 145000.0 27 127000.0 27 106000.0 28 96900.0 28 90000.0 27 68500.0 27
H9 219000.0 21 218000.0 20 214000.0'20 207000.0 18 181000.0 18 154000.0 21 142000.0 22 137000.0 20 113000.0 20 76000.0 21
1<;60 314000.0 5 371000.0 5 362000.0 5 338000.0 4 302000.0 5 278000.0 3 251000.0 4 224000.0 5 118000.0 5 121000.0 7

1<;61 245000.0 17 242000.0 17 232000.0 16 211000.0 15 184000.0 11 110000.0 17 158000.0 17 139000.0 18 115000.0 19 84000.0 18
1962 336000.0 8 334000.0 8 329000.0 8 316000.0 8 305000.0 4 254000.0 8 226000.0 8 199000.0 9 167000.0 9 129000.0 5

1<;63 177000.0 28 174000.0 28 164000.0 28 161000.0 26 150000.0 26 125000.0 28 120000.0 27 107000.0 27 87600.0 28 64600.0 2R
1964 204000.0 26 193000.0 27 166000.0 27 150000.0 28 134000.0 29 116000.0 29 100000.0 29 88900.0 29 70800.0 30 51200.0 30

1<;65 380000.0 3 378000.0 3 376000.0 2 365000.0 1 359000.0 1 295000.0 1 252000.0 3 224000.0 6 176000.0 6 118000.0 8

1Cj66 256000.0 14 243000.0 16 228000.0 17 211000.0 16 189000.0 16 185000.0 12 118000.0 12 166000.0 12 146000.0.J4 111000.0 11
1<J67 264000.0 12 262000.0 12 258000.0 12 244000.0 12 223000.0 13 182000.0 15 165000.0 15 159000.0 15 128000.0 15 84900.0 17

.... )(.
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DURATIC~TABLE OF DAILY DISCHARGE FOR YEAR ENDING SEPTEMBER 30
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CLASS CFS TOTAL ACCUM PERCT CLASS CFS TOTAL ACCUM PERCT CLASS CFS TOTAL ACCU PEPCT CLASS CFS TOTAL ACCUMPEPCT
0 c.ce 0 11688 100.0 9 34000.00 550 10099 86.4 18 84000.0 406 4854 41.5 27 210000 221 836 7.1
1 15CCO.00 1 111>88 100.0 10 31000.00 683 9549 81.7 19 92000.0 414 4448 38.1 28 230000 176 615 5.7
2 l1ceO.00 4 111>81 99.9 11 41000.00 757 8866 15.9 20 100000.0 440 4034 34.5 29 250000 170 439 3.7

Idcce.oo 17 11677 99.9 12 46000.00 511 8109 69.4 21 110000.0 880 3594 30.7 30 ;>oooo 101 769 2.3
4 .ccoe.oo 77 11660 99.8 13 50000.00 612 7598 65.0 72 130000.0 372 n14 23.2 31 110000 91 168 1.4
S nccc.oe 181 liS83 9901 14 56000.00 567 6986 59.8 23 140000 .0 285 2342 20.0 32 340000 69 77 .6
6 25cee.oo 274 114e2 97.6 15 62ceo.oo 481 6419 54.9 24 150000.0 447 2051 17.6 33 380000 6 R .0
1 2dCCO.OO 211 11128 95.2 16 68eoo.oo 573 5932 SO.8 25 170000.0 439 1610 13.8 34 420001) ;> 2 .0
e 3CCCO.Oc 158 lCES7 92.9 17 76000.00 505 5359 45.9 26 190000.0 335 1171 10.0
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LOWESTMEANDISCHARGE.I CFS. ANDRANKING. FOR THE FOLLOWINGNUMBEROF CONSECUTIVEDAYS IN YEARENOINGMARCH31 -
X
W

YEAR 1 3 7 14 30 60 90 120 183 ANNUAL
IV

1910 15000.0 24 15000.0 19 15600.0 IB 18700.0 20 20600.0 20 26200.0 23 30000.0 22 33200.0 23 33800.0 16 91'1100.0 33 §
1931 15800.0 26 15900.0 23 16700.0 21 17400.0 17 19100.0 16 22900.0 16 26800.0 17 2QI00.0 16 31100.0 12 47500.0 10

g.
1932 17300.0 28 18400.0 29 20200.0 30 22900.0 31 26000.0 29 28'100.0 28 32300.0 26 32400.0 22 39700.0 23 53400.0 141933 10700.0 8 11100.0 8 11400.0 5 15100.0 12 18100.0 12 22200.0 13 24100.0 11 27500.0 13 32400.0 14 55900.0 151934 12400.0 13 12800.0 13 13400.0 12 13800.0 8 15200.0 6 20300.0 10 21100.0 7 22500.0 7 27200.0 .6 48100.0 111935 14400.0 21 15000.0 20 15300.0 17 16000.0 14 18800.0 15 21800.0 12 24300.0 12 25200.0 9 29300.0 11 37600.0 4

1936 9300.0 6 9770.0 5 11700.0 6 13400.0 6 15000.0 5 16400.0 5 23400.0 10 28700.0 15 28500.0 9 78500.0 251937 12600.0 15 13400.0 15 13800.0 13 16100.0 15 17400.0 11 20600.0 11 25900.0 16 28400.0 14 271300.0 8 45900.0 71938 8300.0 4 8430.0 3 8930.0 3 10300.0 3 12100.0 2 13500.0 2 15100.0 2 15200.0 2 19000.0 2 47000.0 91939 12600.0 16 13500.0 16 14600.0 16 17200.0 16 20100.0 18 22300.0 14 25300.0 14 27100.0 12 32400.0 15 62000.0 201940 4200.0 1 4200.0 1 4310.0 1 4810.0 1 6550.0 1 9030.0 1 11800.0 1 13000.0 1 15100.0 1 43300.0 6

1941 12200.0 12 12800.0 14 13900.0 14 15900.0 13 16600.0 9 17600.0 7 17900.0 6 19900.0 6 26700.0 5 35900.0 21942 14000.0 19 16400.0 25 18800.0 25 23200.0 32 31700.0 34 38800.0 33 51000.0 36 57100.0 36 67400.0 36 79000.0 261943 23200.0 35 24300.0 34 25400.0 35 27500.0 35 38100.0 36 43300.0 36 47100.0 34 54600.0' 35 56300.0 33 87900.0 291944 17900.0 29 18100.0 27 18800.0 26 19100.0 21 19900.0 17 26800.0 25 29000.0 20 32100.0 21 35500.0 18 cH200.0 321945 22900.0 34 24300.0 35 24900.0 34 26800.0 34 30700.0 33 36200.0 32 44000.0 33 44100.0 31 54400.0 32 109000.0 36

1946 10000.0 7 10500.0 !> 11800.0 7 12800.0 5 18200.0 13 26500.0 24 34700.0 28 441100.0 32 50800.0 27 102000.0 341947 12800.0 17 15000.0 21 17000.0 23 21000.0 26 26100.0 30 27900.0 26 33000.0 27 38200.0 28 51000.0 211 61600.0 191948 18000.0 30 18800.0 30 20400.0 31 21500.0 29 24200.0 27 28200.0 27 32200.0 25 37600.0 27 40800.0 25 1OClOOO.0 371949 19500.0 32 19600.0 32 20700.0 32 22100.0 30 24400.0 28 34100.0 31 40100.0 30 41200.0 30 52300.0 30 89500.0 301950 24900.0 37 27400.0 37 29300.0 37 31300.0 36 32500.0 35. 42000.0 35 50300.0 35 52900.0 34 59300.0 35 83600.0 27

1951 11000.0 9 12300.0 11 14600.0 15 19400.0 23 23900.0 26 25800.0 21 30200.0 23 36600.0 25 52200.0 29 90400.0 311952 23500.0 36 24300.0 36 27200.0 36 34400.0 37 41400.0 38 53800.0 38 66400.0 37 79000.0 38 93300.0 38 158000.0 381953 18900.0 31 19000.0 31 19600.0' 28 21200.0 28 23500.0 25 25000.0 19 29700.0 21 3:'000.0 20 36100.0 20 76800.0 241954 12500.0 14 12800.0 12 13200.0 11 14000.0 10 16300.0 8 18800.0 8 21700.0 8 24500.0 8 28800.0 10 49600.0 131955 17000.0 27 18300.0 28 20100.0 29 21000.0 27 23100.0 22 25700.0 20 27400.0 18 30400.0 19 36800.0 21 49100.0 12

1956 11800.0 11 12100.0 10 12300.0 9 14200.0 11 15300.0 7 16700.0 6 17300.0 5 18200.0 3 27500.0 7 38100.0 51957 9000.0 5 10700.0 1 12200.0 8 13900.0 9 14900.0 4 16200.0 3 17100.0 3 18400.0 4 22800.0 3 32800.0 11958 15000.0 22 16300.0 24 17300.0 24 20800.0 24 23400.0 23 26100.0 22 28400.0 19 30200.0 11 35100.0 17 58500.0 17
1959 12800.0 18 13500.0 11 15100.0 19 11800.0 19 20400.0 19 23900.0 18 30400.0 24 34100.0 24 45600.0 26 73400.0 221960 21400.0 33 22000.0 33 24100.0 33 25600.0 33 26200.0 31 32500.0 30 40300.0 31 41000.0 29 52400.0 31 62300.0 21

1961 11000.0 10 11200.0 9 12400.0 10 13800.0 7 18500.0 14 22500.0 15 25400.0 15' 30300.0 18 35600.0 19 74100.0 23
1962 28800.0 38 30500.0 38 34800.0 38 36200.0 38 39900.0 37 43500.0 37 68800.0 38 75500.0 37 83900.0 37 103000.0 351963 1530.0 3 8510.0 4 9290.0 4 11500.0 4 16700.0 10 19300.0 9 22000.0 9 26900.0 11 37500.0 22 57900.0 16
1964 6210.0 2 6490.0 2 7400.0 2 9360.0 2 14000.0 3 16300.0 4 17200.0 4 19000.0 5 25400.0 4 37500.0 3
1965 15400.0 25 17000.0 21> 18900.0 27 20800.0 25 23500.0 24 32000.0 29 35000.0 29 36800.0 26 39800.0 24 581100.0 18

1966 15000.0 23 15900.0 22 16200.0 20 17500.0 18 30100.0 32 41000.0 34 1t3900.0 32 50400.0 33 58700.0 34 85100.0 28
1967 14300.0 20 14800.0 18 16900.0 22 19100.0 22 20700.0 21 23800.0 17 24300.0 13 26200.0 10 31500.0 13 46700.0 8 :g

--
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-- »\J
\J

MISSOURI R I V E R AT HER MAN N. MO. 06934500 m
Z

HIGHESTMEAN OISCHARGE. IN CFS. AND RANKING. FOR THE FOLLOWING NUM8ER OF CONSECUTIVE DAYS IN YEAR ENDING SEPTEM8EP 30 C

X
to) C

YEAR 1 3 7 15 30 60 90 120 183 ANNUAL <=i' §
1929 407000.0 7 401000.0 7 377000.0 6 309000.0 9 273000.0 6 253000.0 3 237000.0 3 217000.0 2 171000.0 2 114000.0 2 g1930 164000.0 32 151000.0 32 149000.0 29 137000.0 27 109000.0 28 97800.0 25 86900.0 28 83800.0 26 75600.0 24 55400.0 25 g. Vi

1931 121000.0 37 94700.0 38 77500.0 38 61200.0 38 58300.0 37 54400.0 36 51900.0 36 49300.0 36 44200.0 37 37100.0 36
1932 267000.0 17 262000.0 17 233000.0 17 185000.0 19 135000.0 20 114000.0 21 97900.0 20 91400.0 21 81700.0 21 70300.0 18
1933 178000.0 29 168000.0 28 157000.0 26 145000.0 25 128000.0 21 103000.0 23 91000.0 24 86100.0 23 70900.0 27 51900.0 2
1934 82000.0 39 70600.0 39 58000.0 39 48000.0 39 46800.0 39 41000.0 39 38000.0 39 38900.0 39 35600.0 39 291100.0 3'1 n,
1935 454000.0 5 450000.0 5 434000.0 5 389000.0 4 322000.0 4 247000.0 5 194000.0 7 159000.0 8 124000.0 10 80000.0 13 C.I)

:"i
1936 140000.0 34 133000.0 33 118000.0 33 101)000.0 31 96800.0 30 78400.0 32 71500.0 32 67600.0 32 54500.0 34 41100.0 34 I"'-1937 185000.0 27 171000.0 27 154000.0 28 137000.0 26 115000.0 27 98100.0 14 '11200.0 23 85700.0 25 84300.0 20 59000.0 22 C
1938 229000.0 22 224000.0 22 201000.0 21 161000.0 22 142000.0 19 120000.0 19 110000.0 19 106000.0 18 89000.0 19 56600.0 24 S1939 244000.0 20 232000.0 20 199000.0 22 166000.0 21 127000.0 22 105000.0 22 94900.0 21 93700.0 20 7400.0 22 53200.0 27 Vi1940 107000.0 38 99100.0 37 83600.0 37 (,8600.0 37 60000.0 36 53400.0 37 50900.0 37 48100.0 37 45600.0 36 31000.0 38

1941 250000.0 19 249000.0 18 223000.0 19 159000'.0 23 121000.0 25 85600.0 29 89600.0 26 76800.0 30 67400.0 30 47400.0 29
1942 425000.0 6 408000.0 6 368000.0 8 322000.0 6 247000.0 9 204000.0 9 169000.0 9 149000.0 9 122000.0 11 105000.0 5
1943 544000.0 3 519000.0 3 470000.0 2 353000.0 5 274000.0 5 253000.0 4 207000.0 5 182000.0 5 139000.0 6 96500.0 7
1944 565000.0 2 525000.0 2 464000.0 3 390000.0 3 330000.0 3 222000.0 6 202000.0 6 180000.0 6 152000.0 5 95900.0 8
1945 396000.0 9 389000.0 8 370000.0 7 301000.0 10 244000.0 10 217000.0 7 217000.0 4 209000.0 4 170000.0 3 110000.0 3

Vi

1946 202000.0 23 191000.0 24 170000.0 25 123000.0 29 887CiO.0 31 80800.0 31 77200.0 30 77200.0 29 74400.0 25 61900.0 20 C
1947 484000.0 4 478000.0 4 460000.0 4 409000.0 2 352000.0 2 260000.0 2 239000.0 2 216000.0 3 165000.0 4 108000.0 4
1948 330000.0 13 322000.0 14 298000.0 14 257000.0 14 184000.0 14 163000.0 14 131000.0 15 121000.0 15 118000.0 12 79900.0 14 ....
1949 235000.0 21 228000.0 21 207000.0 20 198000.0 17 177000.0 15 166000.0 12 146000.0 12 142000.0 10 135000.0 7 92700.0 9
1950 263000.0 18 248000.0 19 224000.0 18 187000.0 18 155000.0 18 146000.0 16 141000.0 13 138000.0 11 125000.0 9 9noo.0 10

1951 615000.0 1 600000.0 1 554000.0 1 523000.0 1 481000.0 1 344000.0 1 283000.0 1 257000.0 1 223000.0 1 139000.0 1
1952 366000.0 11 362000.0 11 347000.0 10 310000.0 8 272000.0 7 216000.0 8 181000.0 8 160000.0 7 133000.0 8 103000.0 6
1953 174000.0 31 165000.0 31 140000.0 30 116000.0 30 102000.0 29 96300.0 26 89000.0 27 89500.0 22 75700.0 23 55300.0 26
1954 142000.0 33 131000.0 34 107000.0 35 86000.0 35 84000.0 34 68700.0 34 60600.0 35 57900.0 35 52900.0 35 40800.0 35
1955 178000.0 30 167000.0 29 136000.0 32 104000.0 32 88100.0 32 75600.0 33 67000.0 33 64200.0 33 58900.0 32 47200.0 31

1956 139000.0 35 125000.0 36 98000.0 36 75000.0 36 58100.0 38 49200.0 38 47200.0 38 46100.0 38 42900.0 38 35100.0 37
1957 192000.0 25 186000.0 25 176000.0 24 155000.0 24 123000.0 24 114000.0 20 94000.0 22 86000.0 24 70900.0 28 47000.0 32
191)8 337000.0 12 331000.0 12 310000.0 13 269000.0 13 240000.0 11 162000.0 15 131000.0 16 115000.0 17 106000.0 16 n500.0 17
1959 189000.0 26 180000.0 26 156000.0 27 127000.0 28 118000.0 26 93400.0 28 86300.0 29 82700.0 27 74200.0 26 57100.0 23
1960 328000.0 14 3260ao.o 13 317000.0 12 285000.0 11 232000.0 12 186000.0 10 150000.0 10 135000.0 12 107000.0 15 79200.0 15

1961 .401000.0 8 389000.0 9 351000.0 9 274000.0 12 201000.0 13 164000.0 13 148000.0 11 129000.0 13 113000.0 13 79200.0 16
1962 275000.0 16 267000.0 IS 247000.0 16 223000.0 15 171000.0 16 132000.0 17 120000.0 17 105000.0 19 100000.0 Ie 84900.0 11
1963 134000.0 36 130000.0 35 110000.0 34 94100.0 34 76600.0 35 64300.0 35 65700.0 34 61900.0 34 55300.0 33 45000.0 33
1964 199000.0 24 194000.0 23 179000.0 23 174000.0 20 124000.0 23 96000.0 27 90000.0 25 81700.0 28 69400.0 29 47400.0 30
1965 304000.0 15 300000.0 15 273000.0 15 198000.0 16 159000.0 17 131000.0 18 120000.0 18 119000.0 16 112000.0 14 80100.0 11-

1966 182000.0 28 165000.0 30 139000.0 31 104000.0 33 87300.0 33 83300.0 30 75300.0 31 69900.0 31 67300.0 31 59800.0 21

1961 367000.0 10 363000.0 10 345000.0 11 315000.0 7 255000.0 8 114000.0 11 141000.0 14 125000.0 14 101000.0 17 66500.0 19



MISSOURI R I V E R AT HER MAN N. MO. 06934500

DURATIDN TABLE DF DAILY DISCHARGE FDR YEAR ENDING SEPTEMBER 30
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CFS_DAYS
24258100.0

CLASS CFS TOTAL ACCUM PERCT CUSS CFS TOTAL ACCUM PERCT CLASS CFS TOTAL ACCUM PERCT CLASS CFS TOTAL ACCUM PERCT0 0.00 0 14244 100.0 9 14000.00 214 14024 98.5 18 54000.0 1227 6277 44.1 27 210000 178 609 4.2
1 4200.00 8 14244 100.0 10 16000.00 479 13810 97.0 19 63000.0 898 5050 35.5 28 240000 180 431 3.0
2 4900.00 5 1-\236 99.9 11 19000.00 552 13331 93.6 20 73000.0 768 4152 29.1 29 280000 122 251 1.73 5700.00 6 14231 99.9 12 22000.00 728 12779 89.7 21 85000.0 773 3384 23.8 30 330000 55 129 .94 6600.00 7 14225 99.9 13 26000.00 746 12051 84.6 22 99000.0 698 2611 18.3 31 380000 39 74 .'55 7700.00 10 1-\218 99.8 1-\ 30000.00 864 11305 79.4 23 120000.0 229 1913 13.4 32 450000 28 35 .26 8900.00 30 14208 99.7 15 35000.00 1284 10441 73.3 24 130000.0 570 1684 11.8 33 520000 5 7 .0
7 10000.00 38 1U78 99.5 16 40000.00 1634 9157 64.3 25 160000.0 261 1114 7.8 34 600000 2 2 .0
8 12000.00 116 14140 99.3 .J.7 47000.00 1246 7523 52.8 26 180000.0 244 853 6.0

"
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MISSISSIPPI R I V E R AT ST. LOU I S. MO. 07010000 C ::tI
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LOWEST MEAN DISCHARGE, IN CES, AND RANKING, FOR THE FOLLOWING NUMBER OF CONSECIITIVE DAYS IN YEAR ENDING MARCH 31 to)
0

(;' §5
g

YEAR 1 3 7 14 30 60 90 10 183 ANNUAL
g.

Vi
1934 35200.0 4 36600.0 4 40100.0 5 41800.0 6 44200.0 5 50700.0 5 52100.0 4 54100.0 4 59600.0 4 120000.0, 7 t:: 0
1935 3<:>00.0 7 40500.0 7 42600.0 7 45200.0 7 5000.0 8 56700.0 13 62?00.0 11 MI00.0 9 68600.0 8 100000.0 5 (\) ...,

1936 43800.0 10 44100.0 8 46600.0 9 50600.0 14 51300.0 10 55000.0 8 67000.0 12 77800.0 17 76400.0 11 179000.0 24
1937 39700.0 6 39900.0 6 40400.0 6 41200.0 5 43000.0 4 49300.0 4 6000.0 10 70900.0 12 7140Q.0 9 125000.0 10 rr,

1938 27800.0 1 28200.0 2 29800.0 2 34700.0 2 40900.0 3 45900.0 3 47200.0 2 48100.0 2 57900.0 2 124000.0 8 VI
1939 49100.0 18 51900.0 19 56700.0 20 58800.0 19 65400.0 21 75800.0 24 85200.0 24 91300.0 24 114000.0 25 177000.0 22
1940 28000.0 2 28100.0 1 28200.0 1 28700.0 1 3090(\.0 1 35700.0 1 41000,,0 1 42600.0 1 45100.0 1 110000.0 6 r--

0
1941 46500.0 15 4700.O 14 ,48000.0 12 48900.0 9 49600.0 7 511>00.0 6 56200.0 6 1>1400.0 7 71700.0 10 92700.0 3 S
1947 57100.0 22 57800.0 22 59200.0 22 60700.0 21 62200.0 18 80000.0 25 113000.0 31 129000.0 31 161000.0 33 191000.0 28 VI
1943 76200.0 33 78100.0 33 79500.0 33 84000.0 34 108000.0 35 125000.0 34 136000.0 34 142000.0 ;33 153000.0'32 206000.0 29
1944 66700.0 27 66700.0 26 61>800.0 26 1>7000.0 25 67700.0 22 71400.0 18, 75300.0 19 81600.0 20 87300.0 18 210000.0 30 ::tI
1945 69000.0 29 69000.0 29 69200.0 28 69500.0 27 70700.0 26 73700.0 21 82900.0 23 84100.0 22 103000.0 23 221000.0 32

1946 69000.0 30 70300.0 30 71200.0 30 71700.0 28 76600.0 28 A9300.0 28 98000.0 28 rl6000.0 28 132000.0 30 240000.0 35
]947 70100.0 31 72200.0 32 73000.0 31 76100.0 30 88700.0 30 91900.0 29 97500.0 27 i08000.0 27 127000.0 28 157000.0 17 Vi
1948 41500.0 8 44100.0 9 47600.0 10 50200.0 10 58500.0 15 70400.0 16 80600.0 22 84800.0 23 87100.0 17 237000.0 34
1949 52100.0 20 53800.0 20 55500.0 19 58000.0 17 62300.0 19 72100.0 19 74200.0 18 74300.0 15 95100.0 22 171000.0 20
1950 57900.0 23 59600.0 23 62600.0 24 63100.0 23 67900.0 25 86800.0 27 91700.0 26 96000.0 25 115000.0 26 165000.0 19

§5
....

,1951 42300.0 9 44800.0 10 50200.0 16 56900.0 16 MOOO.O 16 65900.0 15 69400.0 15 73200.0 13 92500.0 21 188000.0 26
1952 80600.0 36 82100.0 36 85900.0 35 89800.0 35 112000.0 36 144000.0 36 162000.0 36 180000.0 36 199000.0 36 307000.0 36
1953 58000.0 24 59800.0 24 61900.0 23 63700.0 24 67800.0 24 70600.0 17 74100.0 17 73700.0 14 85500.0 14 180000.0 25
1954 45500.0 14 47900.0 15 49000.0 13 50400.0 12 52400.0 11 55600.0 11 59800.0 8 61900.0 8 66000.0 6 125000.0 9
1955 64600.0 25 65400.0 25 66600.0 25 67200.0 26 71800.0 27 84500.0 26 87900.0 25 97300.0 26 109000.0 24 144000.0 14

1956 44400.0 11 44800.0 11 46000.0 8 47100.0 8 50800.0 9 52000.0 7 52900.0 5 57300.0 6 67700.0 7 100000.0 4
1957 45000.0 13 45700.0 13 47800.0 11 51400.0 15 54800.0 13 55500.0 10 56400.0 7 57100.0 5 61800.0 5 91700.0 2
195A 55400;0 21 56500.0 21 57300.0 21 61ioo.o 22 67700.0 23 74300.0 22 79600.0 21 '12700.021 85600.0 15 142000.0 13
1959 47600.0 16 48300.0 16 49100.0 14 50400.0 13 53400.0 12 56200.0 12 67000.0 l"I 70700.0 11 87700.0 19 149000.0 15
1960 65800.0 26 67000.0 27 68700.0 27 77100.0 31 90400.0 31 101000.0 31 112000.0 30 122000.0 29 127000.0 29 155000.0 16

1961 49000.0 17 49000.0 17 49300.0 15 50200.0 11 54900.0 14 60200.0 14 67300.0 14 77000.0 16 87000.0 16 191000.0 27
1962 77000.0 34 78900.0 34 82100.0 34 A3100.0 33 96900.0 32 120000.0 32 133000.0 32 158000.0 35 181000.0 35 218000.0 31
1963 35800.0 5 37100.0 5 38400.0 4 40900.0 4 48600.0 6 55200.0 9 60100.0 9 67700.0 10 90000.0 20 163000.0 18
1964 34600.0 3 35400.0 3 36400.0 3 37200.0 3 39800.0 2 45500.0 2 47700.0 3 52800.0 3 58000.0 3 91500.0 1
1965 50600.0 19 50600.0 18 52700.0 lA 58800.0 20 60800.0 17 72100.0 20 71700.0 16 80]00.0 19 81300.0 12 129000.0 11

1966 70600.0 32 71500.0 31 73200.0 32 77600.0 32 104000.0 33 135000.0 35 135000.0 33 144000.0 34 175000.0 34 226000.0 33
1967 44700.0 12 45600.0 12 52300.0 17 58200.0 18 63300.0 20 75500.'0 23 77500.0 20 18200.0 18 82000.0 13 132000.0 12
1968 67700.0 28 68200.0 28 69600.0 29 73500.0 29 87100.0 29 94700.0 30 107000.0 29 122000.0 30 1260000 27 179000.0 23
1969 77200.0 35 81200.0 35 88400.0 36 93500.0 36 1.06000'.034 123000.0 33 138000.0 35 138000.0 32 149000.0 31 177000.0 21
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MISSISSIPPI R I V E R AT ST. LOU I S. MO. 07010000 C

HIGHEST MEAN OISCHARGE. IN CFS. ANDRANKING.FOR THE FOLLOWING NUMBER OF CONSECUTIVE DAYS IN YEAR ENDING SEPTEMBER 30
X
to)

i=\'
g

YEAR 1 3 7 15 30 "'0 90 120 1R3 ANNUAL
1934 136000.0 36 134000.0 36 131000.0 36 124000.0 36 112000.0 36 9R400.0 36 90100.0 36 85400.0 36 7R800.0 36 67100.0 36
1935 649000.0 8 641000.0 8 621000.0 7 560000.0 7 486000.0 8 42ROOO.0 8 364000.0 9 325000.0 10 274000.0 10 1RROOO.0.13

.&
1936 332000.0 29 326000.0 29 292000.0 29 274000.0 28 26ROOO.0 24 240000.0 25 223000.0 27 201000.0 27 154000.0 31 114000.0 1
1937 372000.0 24 365000.0 24 330000.0 25 299000.0 24 264000.0 27 235000.0 26 233000.0 25 231900.0 22 209000.0 21 147000.0 23
1938 431000.0 21 426000.0 21 401000.0 21 357000.0 21 343000.0 1R 293000.0 19 279000.0 lA 26ROOO.0 16 231000.0 16 157000.0 19
1939 529000.0 15 514000.0 16 473000.0 17 396000.0 17 332000.0 20 302000.0 18 252000.0 20 242000.0 19 202000.0 22 14AOOO.0 22
1940 lR4000.0 35 17ROOO.0 35 164000.0 35 145000.0 35 136000.0 5 125000.0 35 127000.0 35 119000.0 35 111000.0 35 79100.0 35

1941 451000.0 20 446000.0 20 422000.0 20 344000.0 22 267000.0 /5 212000.0 30 210000.0 2A 192000.0 29 161000.0 28 120000.0 29
1942 663000.0 7 649000.0 7 608000.0 A 539000.0 10 459000.0 11 375000.0 12 323000.0 13 30AOOO.0 11 270000.0 13 236000.0 4
1943 R33000.0 2 820000.0 2 786000.0 2 670000.0 4 557000.0 4 516000.0 3 445000.0 5 400000.0 5 323000.0 (, 235000.0 5
1944 R34000.0 1 R29000.0 1 7A9000.0 1 711000.0 3 (,11000.0 3 4A7000.0 4 449000.0 4 404000.0 4 326000.0 5 209000.0 9
1945 610000.0 11 60AOOO.0 11 591000.0 11 547000.0 9 50AOOO.0 7 449000.0 7 45AOOO.0 3 434000.0 347000.0 3 223000.0 7

1946 500000.0 lA 44000.0 18 46ROOO.0 lR 3R7000.0 19 327000.0 21 261000.0 22 245000.0 21 234000.0 21 224000.0 19 173000.0 15
1947 783000.0 3 771000.0 3 765000.0 3 736000.0 1 "'A7000.0 1 531000.0 1 510000.0 1,4"''1000.0 2 350000.0 2 237000.0 3
194R 629000.0 9 622000.0 9 597000.0 9 529000.0 12 427000.0 14 339000.0 14 296000.0 16'2"'3000.0 18 241000.0 15 163000.0 lA
1949 422000.0 22 418000.0 22 394000.0 22 363000.0 20 339000.0 19 332000.0 1'" 292000.0 17 267000.0 17 247000.0 14 170000.0 16
1950 461000.0 19 449000.0 19 429000.0 19 396000.0 lR 37AOOO.0 16 351000.0 13 333000.0 12 308000.0 12 271000.0 12 199000.0 11

1951 719000.0 .. 712000.0 4 754000.0 4 719000.0 2 664000.0 2 522000.0 2 485000.0 247S000.0 1 40ROOO.0 1 2650000 I.

1952 6A2000.0 5 679000.0 5 664000.0 5 612000.0 5 54AOOO.0 5 467000.0 5 403000.0 6 35ROOO.0 8 301000.0 7 233000.0 6
1953 367000.0 25 361000.0 25 334000.0 24 296000.0 26 265000.0 26 250000.0 24 230000.0 26 226000.0 23 200000.0 2 141000.0 25
1954 289000.0 33 277000.0 33 25ROOO.0 33 234000.0 33 226000.0 30 21AOOO.0 2R 206000.0 30 lRROOO.O 30 160000.0 29 114000.0 30
1955 309000.0 30 295000.0 30 269000.0 31 27000.0 32 210000.0 33 194000.0 31 192000.0 31 1A2000.0 31 159000.0 30 130000.0 27

1956 225000.0 34 206000.0 34 183000.0 34 174000.0 34 165000.0 34 151000.0 34 13AOOO.0 34 133000.0 34 120000.0 34 94000.0 34
1957 33ROOO..0 2R 329000.0 2R 327000.0 26 299000.0 23 272000.0 23 255000.0 23 234000.0 23 223000.0 25 lA2000.0 26 123000.0 2A
1958 504000.0 17 499000.0 17 477000.0 16 431000.0 16 3R5000.0 15 292000.0 20 240000.0 22 215000.0 26 200000.0 24 145000.0 24
1959 362000.0 26 34ROOO.0 2f> 311000.0 2R '290000.0 27 254000.0 2A 230000.0 27 233000,0 24 225000.0 24 191000.0 25 136000.0 26
1960 667000.0 6 663000.0 6 648000.0 6 609000.0 6 52AOOO.0 6 460000.0 6 403000'.0 7 3"'1000.0 7 285000.0 8 20AOOO.0 10

1961 588000.0 12 57ROOO.0 13 543000.0 13 449000.0 15 36AOOO.0 17 335000.0 15 312000.0 14 274000.0 15 22AOOO.0 17 167000.0 17
1962 5AAOOO.0 1.3 5A3000.0 12 568000.0 12 535000.0 11 476000.0 10 379000.0 11 341000.0 11 30AOOO.0 13 273000.0 11 219000.0 8
1963 299000.0 32 291000.0 32 25AOOO.0 32 240000.0 31 230000.0 29 lA9000.0 33 1A9000.0 33 174000.0 32 147000.0 32 113000.0 32
1964 306000.0 31 293000.0 31 271000.0 30 252000.0 30 212000.0 32 191000.0 32 190000.0 32 I('AOOO.O 33 140000.0 33 99600.0 33
1965 549000.0 14 544000.0 14 518000.0 14 49AOOO.0 14 45ROOO.0 12 389000.0 10 353000.0 10 328000.0 9 27AOOO.0 9 19ROOO.0 12

1966 410000.0 23 365000.0 23 342000.0 23 297000.0 25 275000.0 22 263000.0 21 253000.0 19 237000.0 20 213000.0 20 174000.0 14
1967 528000.0 16 525000.0 15 51AOOO.0 15 503000.0 13 435000.0 13 315000.0 17 305000.0 15 285000.0 14 22AOOO.0 1R 1S"'000.0 20
196A 344000.0 27 339000.0 27 31/000.0 27 273000.0 29 21AOOO.0 31 214000.0 29 210000.0 29 200000.0 2A 175000.0 27 156000.0 21
1969 616000.0 10 613000.0 10 596000.0 10 55ROOO.0 R 471000.0 9 398000.0 9 3A2000.0 A 3R3000.0 6 330000.0 4 243000.0 2
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MISSISSIPPI R I V E R AT ST. LOU I S, MO. 07010000

DIIRATION TABLE OF DAILY DISCHARGE FOR YEAR ENOING SEPTEMF\FR 30
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CLASS CFS TOTAL ACCUM PERCT CLASS CFS TOTAL ACClJM PERCT CLASS CFS TOTAL ACClJM PERCT CLASS CFS TOTAL ACCIIM PERCT
0 0.00 0 13149 100.0 9 63000.00 nn9 11M16 R8.9 18 160000.0 808 5184 39.4 27 410000 188 665 5.01 27800.00 19 13149 100.0 10 70000.00 885 11017 83.8 19 180000.0 629 4376 33.3 28 450000 148 477 3.n2 31000.00 18 13130 99.9 11 78000.00 671 10132 77.1 20 200000.0 656 3747 28.5 29 500000 127 329 2.5
3 34000.00 33 13112 99.7 12 86000.00 832 9461 72.0 21 220000.0 522 3091 23.5 30 550000 90 202 1.5
4 38000.00 62 13079 99.5 13 96000.00 932 8629 65.6 22 240000.0 565 2569 19.5 31 610000 n4 112 .R
5 42000.00 167 13017 99.0 14 110000.00 606 7697 58.5 23 270000.0 424 2004 15.2 32 MIOOOO 27 48 .3
6 47000.00 296 12850 97.7 15 120000.00 517 7091 53.9 24 300000.0 333 1580 12.0 33 750000 1F\ 21 .17 52000.00 407 12554 95.5 16 130000.00 506 6574 50.0 25 330000.0 349 1247 9.5 34 830000 3 3 .08 57000.00 461 12147 92.4 17 140000.00 8R4 n068 46.1 26 370000.0 233 898 6.8
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Cuiv'1'8 River near Old Honroe, Mo.
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peruqueCreek near O'r.llon, Mo.
10 7.15.70 24 23.5 12 3.9/

:;
50 8.0 11 2.7 ...... _n 182 21 17 .3 2.8 ... ... 245 156 12 370 7.7 -- u .. 5.0 58 7200 5800 2900.10 11-4-70 12 8.0 16 1./ 57 11 18 4.0 ---- n. 206 34 28 .2 5.4 n_ -.. 293 189 31 480 7.5 n -- .- 9.3 78 3300 1100 240

DardenneCreek near WeldonSprina. Mo.
15 7.15-70 3.6 24.5 12 2.8!./ .62!./ 60 9.0 8.3 2.1 ..--- n_ 232 16 6.2 .2 .4 n_ ... 252 186 0 400 8.0 u -. n 5.1 61 5800 5000 1500
15 11-3.70 37 9.0 12 1.!J!/ .16/ 47 7.7 6.2 2.3 ---- ... 170 24 5.7 .0 5.2 --- _n 205 150 16 340 7.6 u .- -- 10.3 89 880 110 230

Her...e River at Padfic, Ho.
36 12.13-67 ------ 6 10 .19 .01 20 12 4.3 1.6 .39 .04 109 12 2.5 .2 .2 .14 .04 126 100 10 210 7.3 6 16 15 10.8 87

Bl& River at ByrnenUI., Mo.
50 9-15.67 100 22 5.4 .18 .07 55 35 5.1 2.0 ___a n. 292 46 7.7 .2 .2 .02 .0 296 281 42 521 8.1 5 -. .- 8.5 96
50 12-13-67 4570 6 9.2 .02 .08 27 14 4.2 2.1 1.0 .03 137 19 2.6 .2 .2 .30 .03 157 125 13 260 7.4 11 29 26 11.3 91

JMlchi. Creek at He..tite, Mo.
67 9.14.67 5.1 ....... 4.1 .07 .04 51 33 14 3.0 -..... _n 292 36 17 .1 .2 .18 .0 300 263 24 531 8.1 7
67 12.14.67 n.n_ 5 8.3 .30 .02 24 15 4.7 2.0 .56 .07 122 24 3.0 .1 .5 .05 .04 158 122 20 254 7.4 21 19 14 11.7 91
67 7.16.70 4.9 26.5 9.8 .40!/ .07/ 56 30 10 2.1 ---- -.. 304 34 16 .0 .0 _n ... 326 264 24 600 8.2 .. -. ,n 7.4 91 3600 <100 400
67 11.5-70 20 7.5 5.9 .1/ .O/ 54 32 11 2.3 ---- 304 43 14 .1 .4 ... ... 331 267 18 570 7.6 .- .. .. 8.9 74 140 20 64

Littl. Creekn.ar MapaviU..Ho.
71 9-14,67 2.5 ---- 4.8 .08 .00 35 23 6.4 2.2 ---- u_ 200 22 8.9 .2 .2 .03 .0 201 182 18 366 7.9

PLattin Creat at PI.tUft. Mo.
76 7'16-70 6.0 23.0 11 .16..1/ .O/ 50 27 2.9 1.3 -..-- _n 276 26 3.7 .2 1.1 n_ .n 291 236 12 450 8.2 -- .. .. 6.6 76 5400 100 100076 11-5-70 15 13.5 8.0 .30!! .O21 46 27 3.1 1.4 ..-..- n_ 272 34 3.2 .1 .8 _n _n 275 228 8 460 8.1 -. n .. 11.4 108 400 14 100

plettin Creet at Cry.tal City, Mo.
79 9.14-67 4.9 ---- 9.1 .12 .04 52 31 3.3 1.6 ---.. ..- 280 27 3.0 .2 .3 .03 .0 265 257 28 464 8.1 6
79 12.14.67 ------ 6 9.4 .27 .03 36 21 5.0 2.1 .54 .04 170 40 2.7 .1 .2 .18 .04 200 177 37 349 7.7 21 22 13 11.0 89
79 7-16-70 ------ 24.5 11 .49/ .17/ 68 28 3.6 1.5 ......... u_ 278 31 4.2 .2 .0 _n .u 300 284 56 440 8.2 .. .. -. 6.6 79 3200 <100 80
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APPENDIX 5

Summary of annual average water-quality characteristics of the Missouri River
at Howard Bend Plant near St. Louis, Missouri, 1951-70; analyses by City of St. Louis
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March 31 <n .... ., <no. I'Q <n r.. Ii!: A'-' tJ H 0. H H'-'

1951-------- 13 0.5 52 14 41 0 172 107 19 --- 5.7 344 140 188 18 1,760 8.1 13 7,500
1952-------- 12 0.3 52 14 30 0 168 81 17 --- 5.8 313 137 189 15 1,400 8.0 13 6,800
1953-------- 14 0.4 59 18 47 0 198 125 21 0.4 5.2 402 165 223 12 1,100 8.2 14 5,500
1954-------- 14 0.2 60 19 57 0 196 162 23 0.5 4.6 403 162 230 11 760 8.1 15 5,300
1955-------- 11 0.8 53 16 51 0 169 118 21 0.5 5.8 370 138 196 15 890 8.0 15.5 5,200
1956-------- 11 1.5 56 17 58 0 182 139 26 0.5 4.5 410 149 211 13 500 8.0 15 4,000
1957-------- 11 0.9 54 18 55 0 178 136 26 0.5 4.4 404 146 207 14 500 8.2 15.5 4,000
1958-------- 10 0.9 50 15 43 0 160 107 24 0.4 5.2 339 132 185 17 700 8.0 15 9,800
1959-------- 12 3.5 53 14 42 0 176 98 24 0.4 4.6 338 144 192 20 700 8.0 15 5,100
1960-------- 12 1.3 55 16 44 0 183 103 23 0.5 4.4 351 151 204 19 900 8.1 15 5,400
1961-------- 12 1.2 57 16 46 0 187 107 22 0.4 4.9 367 153 208 18 850 8.1 14.5 19,000
1962-------- 11 1.2 51 13 34 0 170 80 17 0.3 4.5 302 139 183 21 700 8.1 14 8,500
1963-------- 13 1.1 64 18 49 0 206 119 23 0.5 5.4 425 169 233 19 700 8.2 15 8,700
1964-------- 12 0.8 64 19 63 0 199 157 29 0.5 4.6 479 163 238 15 475 8.1 15 6,800
1965-------- 10 0.9 55 15 54 0 170 130 24 0.5 4.8 391 140 200 16 860 8.0 15 13,000
1966-------- 10 1.4 58 14 42 0 185 112 23 0.4 4.2 362 153 204 16 700 8.1 14.5 21,000
1967-------- 11 1.8 59 18 59 0 198 143 26 0.4 3.6 436 165 220 16 309 8.0 14 5,100
1968-------- 9.2 1.2 55 15 49 0 180 120 21 0.4 3.3 384 148 201 18 364 8.0 14 9,900
1969-------- 11 1.0 55 14 46 0 163 120 21 0.4 5.7 378 138 194 17 383 8.1 14 12,000

1970-------- 10 0.8 57 16 43 0 190 109 20 0.4 4.5 383 156 208 13 396 8.0 13.5 19,000



APPENDIX 6

Summary of annual average water-quality characteristics of the Mississippi River

at Chain of Rocks Plant at St. Louis, Missouri, 1951-70; analyses by City of St. Louis

Milligrams per liter

'0,-...
eM
"'0

N
,-....... ,-...

e:;-M< M
0...... 0 co. ,....N '0 ,-... U '0'" UC1>C1> e M :<: '''0 . e,-... r.,'O "',-... 0 ...... ,-... ,-... ,-... .... .... co ..... ...N ........ ,-... U -:t ....

r;:- M 0 '" ...., 0,-...0 x ...... ,-......... ...... C1> 0 U 0 co ... co ..... C1> ........... C1>0 '" ... '" ...... ...... z '" :>. '" ... ... e'" '0 ...... e ze C1> '" ..... ...... '0 ... :>. ., .......... ... e ., ......., ... e C1> C1> C1> C1> ... co ... ... 00x ., e ... ... '" 0 C1> '0 '0 C1> :> ., e co ... '" UO'" o e ., co eco c .0 ... ... ... ... ....'0 ... C1> '0 ... ....
Annual average u ... ... C1> .,co 0 ... '" ... ... '" 0'" ....M C M ... ... C1> ............. e e u e ...'" .0 '" .... 0 0 ... co co "'0 '00 0 .0 0. "'....
for year ending ::::

o ., .... 00 '0'" ... U .... .... ., ... co C1> .:.!u ...U .... ... e ... 0....... 00 '" ... ., .<: .... ... ... ... < :! 0 :<: ouMarch 31 '" H., "'0. U <Q '" U r., Z /:I...... U 0. fo<......

1951-------- 13 0.4 50 14 38 1 162 101 18 ---- 5.8 325 135 186 17 1,400 7.8 13.5 7,3001952-------- 14 0.3 51 15 32 1 166 82 18 ---- 5.5 311 138 189 18 1,200 7.8 14.5 19,0001953-------- 15 0.2 57 18 46 1 190 122 21 0.3 5.3 381 158 217 14 960 8.0 15.5 7,7001954-------- 14 0.2 58 19 56 1 187 153 23 0.4 4.5 423 155 225 15 700 8.0 15.5 5,6001955-------- 12 0.3 53 16 45 1 164 114 23 0.4 6.1 364 136 195 17 850 8.0 15.5 7,7001956-------- 11 0.3 55 17 51 1 176 130 26 0.3 5.8 409 146 207 15 400 8.0 15 4,9001957-------- 10 0.4 53 17 50 1 171 131 25 0.4 4.5 393 142 203 16 400 7.9 15.5 5,6001958-------- 11 0.3 51 14 37 1 156 102 23 0.3 4.7 341 131 185 19 630 7.9 14.5 10,0001959-------- 11 0.3 52 14 35 1 167 90 23 0.3 4.3 331 139 188 19 565 8.0 15 10,0001960-------- 12 0.3 56 15 37 1 181 95 24 0.3 4.9 348 150 202 19 775 8.0 14.5 8,9001961-------- 11 0.3 57 15 40 1 185 98 27 0.3 6.4 356 154 206 17 700 8.1 14.5 9,3001962-------- 11 0.3 52 13 30 1 168 75 21 0.3 5.9 300 139 185 20 662 8.1 14 16,0001963-------- 13 0.4 63 18 30 1 202 87 27 0.3 5.8 399 168 230 17 568 8.2 14 13,0001964-- -- -- -- 12 0.2 62 19 39 1 197 104 31 0.4 5.5 450 163 233 13 342 8.2 15 7,2001965-------- 11 0.4 54 15 49 1 169 127 22 0.3 5.0 379 140 197 16 711 8.2 14 31,0001966-------- 11 0.4 54 16 40 1 174 109 19 0.3 5.0 354 144 198 16 626 8.2 15 31,0001967-------- 9.8 0.6 58 18 53 1 186 141 23 0.4 4.4 409 159 219 13 258 8.0 14.5 10,0001968-------- 10 0.5 54 16 48 0 176 118 21 0.3 6.2 381 144 198 13 352 8.1 14.5 7,9001969-------- 11 0.2 54 14 47 0 170 121 20 0.2 5.3 370 130 194 13 348 8.2 14 48,0001970-------- 13 0.2 57 15 39 0 180 106 21 0.2 3.6 372 148 206 14 442 8.1 14.5 25,000
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WATER RESOURCES OF THEST. LOUIS AREA, MISSOURI

APPENDIX 7

DEFINITION OF TERMS AND
CONVERSION OF UNITS

Acre-foot - The volume of water required to cover
one acre to a depth of 1 foot.

1 acre-foot = 43,560 cubic feet
= 325,851 gallons

Alluvium - A general term for all detrital deposits
resulting from the operations of modern rivers,
thus including the sediments laid down in river-
beds, floodplains and lakes.

Antidine - A fold or arch of rock strata, dipping in
opposite directions from an axis.

Aquifer - A formation, group of formations, or
part of a formation that contains sufficient
saturated permeable material to yield significant
quantities of water to wellsand springs.

Artesian water - Ground water under sufficient
pressure to rise above the levelat which the water-
bearing bed is reached in a well. Ground water
under artesian pressure.isalso called confined
water.

Confining bed - A body of relatively impermeable
material stratigraphically adjacent to one or more
aquifers.

Connate water - Water entrapped in interstices of
a sedimentary rock at the time the rock was
deposited.

Continuous-record station - A site on a stream
where continuous records of dischargeare
obtained.

Cubic feet per second (cfs) - The unit expressing
rate of discharge. One cfs is the rate of discharge
of a stream havinga cross-sectionalarea of 1
square foot and an averagevelocity of 1 foot per
second.

1 cfs = 7.48 U.S. Gallons per second
= 449 U.S. Gallons per minute
= 0.646 millions of U.S. gallons per day.

Disconformity - An unconformity in which the beds
on opposite sides are parallel.

Dolomite - A term applied to rocks that approximate
the mineral dolomite [ CaMg(C03)2] in com-
position.

112

Epicontinental sea - Those shallowportions of the
sea which lie upon the continental shelf, and
those portions which extend into the interior of
the continent with like shallowdepths, such as
the Baltic Sea and Hudson Bay.

Evapotranspiration - The movement of water into
the atmosphere by the combined processes of
direct evaporation and transpiration by plants.

Fault - A fracture or fracture zone in the rocks
along which there has been displacement of the
two sides relative to one another, parallel to the
fracture.

Groundwater reservoir - See aquifer.

Hydrology - The sciencethat relates to the water
of the earth.

Intermittent stream - A stream that flows only part
of the time or through only part of its reach.

lithology - The physical character of a rock.

Loess - A sediment, commonly nonstratified and
unconsolidated, composed dominantly of silt-size
particles, with accessoryclay and sand, deposited
primarily by the wind.

Low flow - The portion of stream discharge that is
derived primarily from groundwater outflow.

Partial-record station - A site on a stream where
occasional discharge measurements have been
collected over a period of years.

Perennial stream - A stream that flows continuously
throughout its reach.

Permeability - A measureof the relativeease with
which a porous medium can transmit a liquid
under a potential gradient.

Porosity - The property of a rock or soil con-
taining voids.

Potentiometric surface - A surface which represents
the static head. As related to an aquifer it is
defineCJby the levelsto which water will rise in
tightly cased wells.



Recharge- The addition of water to the zone of
saturation. Infiltration of precipitation isa form
of natural recharge.

Recurrence interval - The averageinterval of time
within which a givenevent will be exceeded
once. Recurrence intervalsare averagesand do
not imply regularity of occurrence; an event of
50-year recurrence interval might be exceeded in
consecutive years or it might not be exceeded in
a 100-year period. In other words, a 50-year
drought or flood has a 2-percent chance of
occurrence in any year.

Regional dip - The general inclination of strata over
a largearea in which they dip in one direction
with or without interruptions.

Residualerrors - Ratio of observed valuesof stream-
flow characteristics at gagingstations to the values
computed from equations.

Seepage run - A seriesof dischargemeasurements
made in a short time to identify stream reaches
where gains or losses in flow occur.

7-day Q2 - The annual minimum averagedischarge
for sevenconsecutive days that will occur on an
averageof once in 2 years. This isan index to the
low-flowpotential of a stream and can be used
as a guide in comparing one stream to another.

Soil infiltration index - This value is the maximum
potential difference, in inches,between storm
rainfall and storm runoff. It isdependent on
soil-waterstorage and infiltration rates of a
watershed.

Specific capacity - The rate of dischargeof water
from a well divided by the drawdowl)of water
level in the well. If a well yields 500 gpm with a
drawdown of 25 feet, its specificcapacity is
500/25 or 20 gpm per foot of drawdown.

Appendix 7

Specific conductance - A measureof the capacity
of water to conduct a current of electricity,
expressed in micromhos per centimeter at 250C.
Conductance varieswith the quantities of dis-
solvedmineral constituents and with the degree
of ionization of the constituents as well as with
the temperature of the water. It is useful in
indicating the approximate concentration of
mineral matter in water.

Standard error of estimate - A measureof the
reliability of a regression. It is the standard
deviation of the distribution of residuals about
the regression line.

Storage coefficient - The volume of water an aquifer
releasesfrom or takes into storage per unit surface
area of the aquifer per unit change in head.

Transmissivity - The rate at wh ich water of the
prevailing kinematic viscosity is transmitted
through a unit width of the aquifer under a
unit hydraulic gradient.

Transpiration - The process by which water vapor
escapes from a living plant and enters the
atmosphere.

Tributary streams - Those streams that originate in
or have much of their drainage basin in the project
area.

Unconformity - A surface of erosion or nondepo-
sition that separates younger strata from older
rocks.

Water table - That surface in an unconfined water
body at which the pressure isatmospheric.
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